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INTRODUCTION 
A glaring need for a forage quality index still exists. In the past, 
research workers have used many riethods for evaluating forage qualitj'-. A 
meaningful quality index should reflect the forage energy value since it is 
one of the îr.ost important components of the forage in the rui-nj.nant ' s diet 
(Reid et aj.,, 1959a)» Hence, a measure of energy is of concern to thé 
agronomist as well as the animal husbandman (Sullivan 1962), 
Also of major concern to the agronomist is the evidence presented by 
P.eid and .co-workers (1959b) that the harvest date of first-growth forages 
is the major knoi-m determinant of energy value. Recently, many workers 
(Sullivan, 1962; and Baumcardt et al.. 1962) hâve proposed indices for 
forage quality measurement. In addition, Crampton and co-workers (i960) 
suggested that any index must measure useful energy to be of value. 
There are two limiting factors of forage usefulness. Firstly, while 
sheep and cattle will consume approximately three pounds per one hundred 
pounds body l'îeight, there is a ma/d-mum intake level. Secondly, available 
energy- in forages is in low concentration. 
From the standpoint of the plant breeder and researchers in forage 
production, management and utilization, a number of techni.ques are availa­
ble for measuring forage quality. However, some of the standards or in­
dicators of forage quality that are now being used either have not been 
verified through research T-dth animal response or are not c].osely related 
to results obtained tvith animals. 
Studies reported herein were conducted in an attempt to analyze 
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certain agronomie factors associated vrith the digestibility of first-
cutting alfalfa and some laboratory methods used to measure this quality. 
3 
REVIEW OF IZTSRATURE 
Effect of î'îaturiiy on Yields and Nutritive Value of Alfalfa 
Dry matter yields 
There is general agreement among workers that dry matter yields 
increase with advancing maturity. Numerous articles in the literature have 
demonstrated the effect of maturity on the yields of alfalfa (Van Riper and 
Smith, 1959; Reid et al., 1959b). 
First-cutting forages in the humid regions of the United States were 
characterized by a considerably larger decline.in the digestibility with 
increasing maturity than were subsequent regrowths of forages harvested for 
hay (Reid et ai., 1959a)• In addition, sacrifices in yields from harvest­
ing early spring grovrth were compensated for by increased yields of 
second growth. Hence, as suggested by Sullivan (1962), it is reasonable 
to assume more benefit may be obtained from knowledge of the decline in the 
nutritive value during the first growth of forages. 
Graber gt a^. (192?) reported that frequent and immature cuttings of 
alfalfa will produce less" total dry matter than more mature cuttings. 
Early work by Widtsoe (l897), and Woodman et (1933» 1935) reported that 
increases in dry matter occurred with increased maturity to near full bloom 
or intermediate growth stages and then declined. However, Jones et al. 
(1953) reported a steady increase in dry weight of alfalfa until seed pod 
formation, after which decreases in dry matter were noted. 
Expressing dry matter yield value as a percent of maximum yield, 
MacDonald (19^6) reported that grasses and legumes reached their maximum 
yield by July 1 in New York. Yields reached approximately 50^ of maximum 
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by î-Iay 15, 73^  f^ y 1, 39^  by June 1.5, 89^  bjr June 30, 9% by July 1 
and 99^  by July 15. 
Hutritive value and chemical composition 
Heid et al. (1959b), and Dehor!and Johnson (196?) have formulated 
regression equations which have been used to characterise the decline in 
the nutritive value of first-growth forages >âth advancing yiaturit-r. In 
the ivork presented by. ?.eid et gJL. (1959b), an equation ---as used to re­
present the loss in digestible dr;;- nattor (DDM) in first-growth forages. 
The authors used the relationship of cutting date elapsing.after April 30 
until Jul]- 21 (X) 5 and percent DDM of firgt-gro-th forages (Y) to describe 
a wide range of first-growth forages. The equation T * 85.0 - .49% re­
presents a decline in DDK ijnits of per day folH.omng April 30. 
?.eid et ai. (1959b) used this infoiriation to emphasize that the con­
ventional total digestible nutrient values do not present the -.dde spread 
in the nutritive value which :-cy be present in forages. 
Dent (l95'-S 1955) reported that the flower stage was the most suit­
able tire for harvest of first-growth alfalfa. TMs would ensiore an extra 
cutting during the season ;rith vany of the early varieties of alfalfa, 
Iyer et al. (I96I), arts (19-l) and Dewter (1964) reported t':at dr;.'-
zatter, celD.uloso, energj- and protein digestibilities for first-cutting 
alfalfa declined i-zith advanced -.-aturity. 
?ror. the anizal ste.ndpoint, Reid and co-workers (1959b) presented the 
reasons for early harvesting of first-cutting forages as (a) aninals 
usually consume more early-cut than late-cut forages, (b) apparent sacri­
fices in yield fron ear3,y-cutting is usually compensated for bj- larger 
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yields in the second cutting and (c) early cutting of the first crop nay 
enable use of the plentiful moisture which is present. The authors re­
ported that relationships between cutting time and dry matter digestibility 
were affected by the manner in which the forage was fed. 
Couchman (I960) reported that the lignin content in the stems of 
alfalfa was three-times that of the leaves; however, in both parts of the 
plant (leaves and stems) the amounts of soluble lignin were small. Analy­
sis of the stems demonstrated that the protein nitrogen constituents com­
prised a lower proportion of the total nitrogen in the stems than in the 
leaves. The author postulated that overall digestibility losses were 
possibly due to reduction in digestibility of this protein type rather than 
due to a loss of leaves trith advancing maturity of alfalfa. Hence, this 
would add to the importance of preventing leaf loss during the harvest of 
first-growth alfalfa in order to maintain quality (Couchman, I96O). A 
higher proportion of the more complex types of carbohydrate materials were 
present in the stems with advancing maturity of the alfalfa plant. As 
suggested by Couchman, the ethanol fraction and the acid-alkali fraction 
of the stems were related to the nutritive value of alfalfa hay. 
I'leyer and Lofgreen (1956) reported that lignin, crude fiber and nitro­
gen were related to TDN values of alfalfa hay which varied in quality. 
Data from 152 digestion trials on 31 samples of alfalfa hay demonstrated 
the relationship of lignin and crude fiber. The nitrogen content was not 
as closely correlated to DDM as were crude fiber and lignin content, Meyer 
and Lofgreen concluded that regression equations allow one to predict the 
TDN content from either lignin or crude fiber with reasonable accuracy. 
Neal (19^ 1) suggested that high contents of crude fiber indicate low 
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quality herbage because of the depressive action of fiber in digestion. :'e 
suggested that aniznal feeding trials were perhaps the ^ ost effective manner 
in demonstrating the nutritive value of forages. 
In t-'ork done by I'oline and, 'vedin (1963) it was demonstrated that ap­
parent nutritive value of first-cutting alfalfa declined t-ri.th increasing 
maturity as measured by snail animals. 
Chemical Analyses in Forage Quality Evaluations 
Sullivan (1962) suggested that chemical methods for analysis of forages 
should be evaluated on the basis of their suitability in predicting forage 
quality/. Some chemical methods of forage analysis are limited to rating 
forages vzithin the same type (Sullivan, 1962). 
Quite often, a research agronomist may have on hand a large number of 
forage samples, each in small quantity, for which a test is needed that can 
be applied readily and. economically to measure quality (Sullivan, 1962: 
Reid et a].,, 1959b). Hence, there has been a considerable demand in the 
past decade for a chemical test to measure forage quality (Sullivan, 1962). 
It has been reported by some workers (Reid et al.., 1959b: Sullivan, 1962) 
that reliance upon the proximate analysis may be misleading at times in 
assessment of forage gualitj'-. In spite of the disadvantages in using the 
pro^ cimate analysis scheme (crude fiber, crude protein, ether extract and 
nitrogen-free extract), the determination of some of the components of the 
proximate analysis have not been abandoned. However, where energy: or 
substances contributing to energy are limiting, chemical analysis has not 
been a satisfactory method of evaluation. The substances concerned '/lith 
7 
suppljrins energy to the rirninant ani^ ial are subject to the limitation of 
not being completely digestible, and measurement of that portion which is 
digestible has not been possible by cheriical analysis (Sullivan, 1962). 
Crude protein 
Crude protein is described as a relatively easy constituent of forages 
to measure and has provided a satisfactory estimate of the digestibility of 
protein itself both in legumes and grasses (Sivi^ ae, IQoO). In recent 
years nany workers have used the crude protein fraction alone to estimate 
the quality of forages. From the standpoint of the agronomist, crude pro­
tein has been shown to be a good criterion of quality in a number of dif­
ferent forages (P.eid et al., 1959b). Sullivan (19^ 2) recommended that 
crude protein be used as a method of measuring quality and suggested that 
this method was within acceptable limits in estimating forage quality. 
However, a limitation of crude protein as a measurement of forage quality 
occurred when the increments of protein were beyond certain levels which 
may not be advantageous or economical. 
Because of the microbial process in the ruminants, total nitrogen 
determination for the most part was quite adequate when used to indicate 
forage quality (Sullivan, 1962). Also, microorganisms may use the forms 
of nitrogen in forages and have no further requirements for amino acids 
other than those available during forage digestion (Raid et al., 1959b). 
IIa;7nard (1937) reported that non-protein nitrogen which is present as amino 
acids may be just as valuable as protein nitrogen. Hence, an analysis for 
total nitrogen was considered adequate (Kivimae, I96O). 
A highly significant correlation coefficient (r = +.93) between 
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digestible organic aatter and percent crude protein content in leguines --ras 
reported by I'ivinae (I96O). The standard deviation fror.i regression was 
+ 1.98. Ke also suggested that encrustation of the protein during advanc­
ing maturity resulted in lower digestibili. Although other workers have 
suggested sirrdlar reasons for the lo'î-rer digestibility of this protein frac­
tion, no direct evidence has been reported in the literature (Sullivan, 
1962). 
Other workers (Richards et aj,., 1958; Jones et a]^ ., 1953; Schneider 
et al.. 1952) reported good agreement when using either cr^ ade protein or 
crude fiber, or date of harvest after April JQ in predicting forage quality 
in 22 hays grown in Eastern United States. 
Crude fiber 
In the proximate analysis scheme, the carbohydrates are divided into 
crude fiber and ni.trogen-free erctract. The division was intended to 
separate the lesô digestible carbohydrates, but this is not the case as 
reported by Sullivan (I962). 
Crude fiber is an empirical substance and does not have the sane con-
position in different rânds of forage or in small sample s of the saine 
species of forages (Sullivan, 1962). Crude fiber consists nainly of cel­
lulose, lignin and soïïie Dylans but does not contain all of the substances, 
some of each being found in the nitrogen-free extract (Luow, 19^ 1; Sullivan, 
1962). Although workers have found the crude fiber of grass to be more 
digestible than the corresponding nitrogen-free extract, such was not 
the case as reported for alfalfa by Sullivan (1962). In addition, 
other workers (Armstrong et a].., 1950: Richards et al., 1958; Price et _al., 
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1963; Stallcup, 1953; I-yhre, 1963) have reported that crude fiber varies 
in composition, consisting nainly of cellulose, li^ nin, hemcelluloses, 
pentosans and a small ar.oimt of crude protein and ash. 
In spite of the fact that crude fiber is not a readily defined quanti­
ty in forages, some reasons T-rere proposed by Sullivan (1962.) for not ha^ /in-
abandoned the analysis. ?irstl;r, a considerable amount of digestion data 
are available and have accumulated based upon the prozimate analysis sche^ .e. 
Secondly, no completely satisfactory/ analysis has been proposed to replace 
this technique. Thirdly, ne" techniques have been developed usinr crude 
protein and crude fiber such as the estimation of TDN by the formula pro­
posed by Axellson (19^ 9). 
Kivinae (i960) reported crude fiber values to be good estimators of 
organic matter digestibility in legumes but not in the grasses. 3'e re­
ported a significant correlation coefficient (r = -.35) between digestible 
organic matter and crude fiber. Standard deviation from regression "xas 
+ 2,23. Richards ejb aJL. (1955) reported a correlation coefficient 
(r = -.7^ 5) between crude fiber content in alfalfa and in vivo digestible 
dr^ r matter. 
Some research has been reported in the literature related to drj^ ing 
effects on the subsequent chemical analysis for various carbohydrate 
fractions. The common practice of analyzing oven-dried materials for 
carbohydrate content may be misleading at times (Biu^ ns et al., 1964: Jones, 
1962). Large differences were reported in carbohydrate content of early-
cut forages when handled as fresh, ireeae-d.ried. or in an oven-dried con­
dition (Bums et aj., 1964). Jones (1962) suggested that plant respiration 
of materials after cuttings and before tissue death may influence analysis 
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for sone of the carbohWratq constituents in fora-es. 
Cellulose 
Cellulose in alfalfa has been reported to be nore lignified than cel­
lulose in grass and, as a result, the digestion coefficient is relatively 
lo". The digestibility of cellulose in alfalfa has been reported to be 
lower than that of the nitrogen-free extract fraction of alfalfa (Cranpton 
et al.. I96O: Dehority gt, al., I962). In an effort to avoid the limi­
tations of the pro:--d.mte analysis scherie, Crarnpton and Maynard (193?) 
proposed a cellulose analysis scheze as an aid to obtaining further in-
fomation on forage quality. Extraction of the cellulose products, as 
described by Craripton and I&imard, utilizes the acetic-nitric acid-alcohol 
mixture. Recovery of the aellulose residue from forage fed to aniz'nals ;-as 
reported to be hi?h. 
Sullivan et a]., (195^ ) reported a highly significant correlation coef­
ficient (r = +.97) betvTeen percent cellulose and percent crude fiber in a 
large nuriber of forages. Correlations betvreen crude protein and cellulose 
percentages '-rere low (r = 
5i~kins and 3aurn.rardt (19-53) reported a significant correlation between 
in vivo digestible dry "stter and vitro cellulose digestion for 29 
sample conparisons. 
2'any attempts have been ^ ade to correlate certain chernically-determined 
nutrients mth the over-al3. nutritive value of forajes (Pigden and Bell, 
1955)' In nany cases, these correlations have not been ver;; satisfactory 
because of tîie ar.iounts and proportions of several nutrients in forages 
affecting its digestibilitjr and nutritive value (Baura^ ardt et al., 1962). 
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In Vitro Ferrr.entation Techniques 
The jji vi tro "nethods co::3ionl;f e;Tiplo3/ed today are referred to as arti­
ficial rraen procedures and are not -eant to replace anirial trials. Their 
primary value lies in their use for preliminary- screening studies and the 
techniques have special application in certain a^ ronordc plot worh 
("'au^ .^ ardt and Oh, 1964; lames, 1965; ^ ershber^ er et al,, 1959', Raymond 
et sJL., 1953)' Also, this procedure provides a rapid and relatively in­
expensive procedure for exariinin] a larre number of samples usin^  a lirâted 
araount of material. 
Johnson (1963) suggested that it should be recognised at the outset 
that the "ajority of the procedures described are in no way "artificial 
rumens': and should not be called such. They should rather be referred to 
as ia vitro fernentations by Microorganisms. In addition, there is 
general agreement anon? -workers that jji vitro techniques have been vital in 
studies of nutritional problems and forage evaluation studies (Baungardt 
and'SiTiith, 1962: Johnson, I963: Reid et a%., 1960). 
lith the ever-increasing interest in the evaluation of forage quality 
and because of the liriitations of cheroical analysis, vj.tro techniaues 
which are relatively sinple have been proposed (Baungardt et. , 1962; 
Le Fevre and Karistra, I96O). Recent studies (2au:'igardt et a^ .,, 1962; Clark 
and I'ott, i960) indicate that forage digestibilitjr nay be predicted fron 
inej:pensive laboratoi^ - determinations.. 
Sanple preparation 
Tilley and Terrj (1963) reported that forage saiuples subnitted for 
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analysis differ considerably in their fineness of f^ rind, because of the 
t^ mes of rill sieve used as irell as noisture content of the sa~ples at 
grinding tiine. For this reason, standardisation V7j.t:iin a laboratory.' 'ras 
necessary in obtaining unifor-nity. r:o significant differences i-zere report- ^  
ed in the digestibility in vitro of the cellulose or diy natter -rhen 
finely-rround sanples %-rore compared. Grinding finel," enough onlj- to ensure 
good sampling of the snail ireights of herbage "as satisfactory. 
Dehority and Jolmson (I96I) reported that an increase in the digesti­
bility of cellulose jji vitro occurred --fr.en the material -as ground in a 
ball rail for 72 hours. Dehority (196I) si-peculated that there i-rould be a 
/-Larked decrease in the e::tent of the digestion of these materials jji -'/ivo 
because of the short ti;-;e t::at the material -joul.d re'.iain in the ruiien. 
Length of jji -vitro fer.nsnts.tion 
Forage cellulose digestibility in the vitro systeri has been closel-r 
related to the in vivo dj-cstibilit-- ("a-Lingardt et al., 1962). In vjvo 
cellulose digestibility "as significantly correlated -âth total digestible 
nutrients as -irell as iritn digestion coefficients for dr.- --^ atter, organic 
:-atter and energy. 3au:\gardt and Oh (196^ !-) reported that fer'.-:entation 
periods of 13, 24, 30 and 4^ 3 hours resulted in digestibilities of celluloso 
in vitro which were significantly^  correlated -td.th iji vivo D3I-'. 
A longer fermentation period reduces x-âthin trial variance but "ust be 
equated against the extra tinie required to coniplete the anal^ s^is (lauingardt 
and Oh, 1964). Their, data suggest that variability can be ;Tinirised •••Tith a 
24-hour fermentation period. 
3aurn.gardt et a^ . (I962) reported an increase of 1.24 percentage units 
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in digestibility when the in vitro fermentation time was increased from 2^ 
to 48 hours. The initial rate of cellulose digestion was found to be high 
for alfalfa but further increases were not noted from. J6 to 48 hours, 'iith 
more mature forages, the mac-cimm cellulose digestion had not been reached 
at the 48-hour iu. vitro fermentation time. Similar results were reported 
by Quicke et a^. (1959) where a longer fermentation period was necessary to 
obtain maximum cellulose digestion of more mature forages. 
Number of in vitro trials, sampling and sample size 
Baumgardt and Oh (1964) reported that i-riLthin and among trial vari­
ability of an in vitro system of forages was not affected by the fineness 
of grind. The standard error of cellulose digestibility values for a 
single forage calculated from various combinations of trials and replicates 
indicated little value in conducting more than two runs of three or four 
replicates of a single forage -(Baumgardt and Oh, 1964). Failures to 
reduce variability after adjusting differences between runs by use of a 
standard check forage caused Baumgardt and Oh (1964) to challenge some 
earlier work originally published using the corrected values, ilo explan­
ations were offered for the differences beti-zeen results from the same 
laboratory. 
Baumgardt ei ai,. (1962) reported day to day variation in results ob­
tained from in. vitro forage evaluation. They suggest that uniformity in 
sampling time, diet and feeding control of the donor animal are necessary 
to minimize the effect of daily variation in rumen liquor. Tilley and 
Terzy (I963) reported a standard error between experiments of + 1.18 di­
gestibility units. Other workers (Dehority, 196I; Johnson et al., 1962; 
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Bau—ardt et. a%,., 1962; "âmes, Iptj) ?.re in f.'-ree'-cr.t that -•oo''' re-
poatability o" vitro results arc •oos.'îible care ic e::ercised ir. 
ru;-en lienor sa-'iplin". 
Differences in digestibility bet'/jeen trials -.a;' be due to active 
ririinant materials renaininf; in the linuor. Johnson et aJL. (1953) reported 
"lir-t'oren of acetic, propionic and but3n,--ic acid of 100, jO and 30 per 
100 tJ.. respectively, inhibited in. vitro cellulose digestion of the fora-e 
samples. Butyric acid alone at JO "1. per 100 concentration did not 
irJiibit cellulose digestion of pure cellulose added to the %edia contain­
ing the forage sanple. These values -l'ere far above the levels for in 
vitro ^ O-hour fermentations, "o-iever, the levels were su-^ ested as con-
.ceivabl^ - "àthin in vivo values (Johnson, 1953). 
Recently, Jo'inson (l9o3) su-çested that the difference in the di-
'[estibil.ity bo tire en dried and undried fora-e sanple s "as due to the treat­
ments -er-.'.ployed upon the ani-;als xvhich, resulted in 3j.ttle oimportunity for 
selection in one instance and not in the other. The author did not offer 
suggestions as to the differences in the vitro digestibilities of dried 
and undried forages. 
I-ielationships of iji vitro DI;H and cellulose 
3au;,:i,"ardt et al» (I9c2) used eleven fora-es of Imo^ m in vj.vo di­
gestibilities to compare several laboratory: methods for evaluating for­
ages, The In vitro system used ---as one where the fermentation of forage 
carbohydrate was measured as the major forage nutritive constituent. The 
carbohydrate constituents were than used to estinate total digestible 
nutrients wliich was reported as significantly^  correlated râth aniinal 
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digestibility data. Estimated values were consistently lower than in the 
animal total digestible nutrient data. Total digestible nutrient values 
estimated fron chemical composition data by use of partial regression 
coefficients were significantly correlated mth animal digestion coefficients 
of drj- matter, organic natter and energy (Baumgardt et al.., 1962). However, 
the results were not significantly correlated mth an?.~al total digestible 
nutrient values. 
Johnson et gj.. (1962) reported that 12-hour fermentations %-rere quite 
satisfactory in -iieastiring digestibility of dry natter in forages. A highly 
significant correlation coefficient (r = +.95) was reported for the DDM of 
grasses is. vivo and vitro. Hoi-rever, the coefficient of correlation 
declined (r = +.86) when alfalfa results tfere included in the comparisons, 
i'&en the inaterials were fermented jji vitro for 24 or 48 hours the same 
workers reported correlations coefficients in the iriagnitude of r = +.99* 
Digestibility coefficients of djry natter of 60i in vitro and 66}' in vivo 
were reported for alfalfa harvested at early pre-bud stages of maturity. 
The DDM values declined to 51: and 56.1 at the partial blopn stage for 
forages digested % hours jji vitro and in vivo, respectiveljr. 
The nutritive Value Index 
Development of WL equation 
A recent developraent in estiriating forage value is the ''Nutritive 
Value Index" (If/l) described bjr Cranpton et a^ . (I96O). The formula is 
based on the level of intake (voluntary consumption) of a forage T/jhen it 
constitutes the entire ration and by the extent of its ultinate yield of 
digestible energr. Crampton and co-workers have suggested using an 
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appro"-imate digestion coefficient of 70^  and voluntary intake value of 100 
to establish the il^ /I for a standard forage (100 z 70^  = 7^ ). Cn a co;n-
parative numerical basis, the indices of forages would reflect values re­
lative to a standard index. The folloidnr equation was presented by 
Cranpton and co-workers for calculartin-^  ji'ÂOI : 
l?n. = (grai'ns daily intake)(^  digestibility) % 100 
• .75 
30 (:kç.) 
The basis for developing this inde:: --ras an assir-nption that the rate of 
consumption of forage by animals was influenced by its normal di^ estibilii?/. 
To substantiate this reasoning the authors theorized that forages of higher 
digestibility pass through the digestive tract more rapidly than feeds of 
lo'-rer digestibilit)-. They also reasoned that recurring hunger is closely 
associated i-âth and determined by the degree of reduction of the rutnen 
ingesta load. 
Considering that these basic assunptions irere valid, Crampton and co-
-•rarkers used the following procedure to test their hypothesis that the 
nutritive value of forage is deterniined by its voluntary- intake. In the 
development of the standard forage intake, it was assumed by Crampton and 
co-workers that voluntary'- consumption was related in part to aninal size 
and, to be useful, such a value must be stated in terriis that apply to 
animals of different sizes. Crav:pton and co-workers used intake per unit 
of netabolic size in developing the inde::. 
Usinr multiple correlation and partial regression analysis, Cranpton 
and co-workers suggested that the importance of relative intake of a forage 
as co"--ipared to its digestibility in deter.-nining the numerical value of 
1? 
their inde:: *ras about 70;^  as co'ipared to 10^ , respectivelj'-. This indicate; 
that the appro:i:r.ate value for the i^r^ stihility -Till not significantly 
effect the index values. Also, the level of intake nust be determined as 
accuratel^  ^as possible if the resulting inde:: is to be of value (Cranpton 
et al., i960). 
Tn yi^ tro estimation of •IT'/I 
"Jork by Donefer et a].. (I960), using an i%i vj.tro fermentation pro­
cedure to evaluate forages, established a hd~h_ly significant correlation 
be tire en in vivo nutritive value index of a forage and In vitro digestion o 
the sa-ie forage. Fron these studies, Cranpton and co---rorkers (I960) and 
Donefer et a].. (196O) are in agreement that (a) intake of a forage is rela 
tive to a standard, intalce (relative intake) and the percent digestibility 
of its energy- nay be used as an inde:-: of the nutritive value of the forage 
and (b) the nutritive value of that forage can be predicted fron i]i vitro 
cellulose digestion. 
Effect of Physical mature of Forage Fed on I2. Vivo Results 
Effect of grinding 
Donefer et (1962) reported that hay which Imd been chopped 
through a l/^ -inch screen in a hammer ïïiill resulted in a higher ÎT\,1 than 
did forages chopped at one to tvro inches in length. The differences, con­
sistent over a i-jide range of digestibilities, ifere not e:rplained. These 
differences i-jere consistent for jji vivo and jja. vitro results. An increase 
of 10.9 D/I units in the digestibility of the forage -studied was reported 
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as the effect of grinding. 
Dehority et a^. (1962) reported that the rate of forage carbohydrate 
digestion ia vivo was affected by the maturity and fineness of grind of the 
plant material. 
Effect of hay quality 
Price et ai. (I963) reported that little difference in the response 
from ewe lambs was noted when fed high quality or low quality forage, 
pelleted or chopped. Forage of low or high quality and chopped forage of 
low or high quality were offered in various methods of feeding. Low and 
high quality, as defined by the workers, was based only upon a difference 
of 4^3 in crude protein. 
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IJLSPIAIa Aim .ST:'0D3 
Field Plots 
Establislinent of alfalfa 
A field of Vernal alfalfa n-ras established at the A2ronor^ -^-A:-ric'altural ... 
Engineering lirperinental Farn, Hoone County, Iowa. The e:qperinental ar$a 
was located on a gently-sloping site in the Clarion-'/ebster soil associ­
ation. 
The area to be seeded to field plots was maintained in a fallow con­
dition for one month prior to seeding. The area was fertilized I'Tith 
O-6O-IO (24.4 po'onds phosphorus and 8.3 pounds potassium, per acre, re­
spectively) on Jiily 31 prior to seeding. The plots were disked and har­
rowed just prior to seeding on August 9, 19^ 2. 
A seeding rate of 17 pounds per acre '-as used. A criss-cross seeding 
pattern was used with the seeding rate set at Sj pounds per acre. 'Double 
seeding T-zith a Brillxon cultipac^ :er seeder gave good seed to soil contact. 
3:".cellent stands of alfalfa were obtained. 
Following establish"ient; the area was divided into plot areas of 110 
by 42 feet. 2ach plot represented a harvest date ijitliin oach of four re­
plications i-riLth a total of 24 plots arranged in a randozised complete 
block design. 
Harvesting schedule 
First-cutting alfalfa was harvested on si:: dates. All regrowth was 
harvested on a single date. The si% harvest dates were based on weekly 
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delays in the harvest schedule folloiân[ the first hai'-vest date. The first 
harvest date was selected such that the entire hai'-vesting sequence of six 
dates uould raire frorù an early, succulent stage of ^ rov/th to advanced 
r.iaturity. Follovring the analysis of the 196; ^  vivo digestion trial data 
the calendar date of the first cutting in 1964 iras moved one uee!: in ad­
vance of the calendar date. This allowed a p.ore succulent sta^ e to 
be harvested. 
ReiTOv'jth (second cuttinr) was harvested when the stage of grovrfch for 
harvest date number three (first cutting) reached the l/lOth bloom stage. 
Third cuttings on all treatments irere taken -i-iithin one week of Gepteinber 1. 
Oatting schedules used in 1963 and 1?64 were as listed in Table 1. 
Table 1. Harvest dates of alfalfa. Mes, Iowa 
1963 1964 
First-cutting 
::ay 29 21 
June 4 ::sy 23 
June 1? June 
June 20 June 12 
June 27 June 19 
July 4 June 25 
Second-cutting 
July 24 July 14 
Tliird-cutting 
Sept 2 Aug 
21 
Yield determinations 
An area 3 by 20 feet was harvested îrm each plot -with a National 
mower for yield determinations. Green weights were recorded in the field 
to the nearest ounce (.06 pounds). All yield determinations were ccaipleted 
between 12 noon and 4 R>î on the scheduled date. 
Samples used for moisture content and chemical determinations were 
weighed in the fid.d on a gram scale. Moisture samples were immediately 
dried in a forced-air oven at 80°C. All yields were expressed on a weed-
free, oven-dry basis. Pounds dry matter per acre values were used in the 
statistical calculations. Average yields were then converted to tons per 
acre for the tabular data. 
HarvestihF of forages for the in vivo trials 
Alfalfa hay was out fror. two of the four replications snd allowed to 
air 'iry in the field for 24 hours. The remaining replications were held 
in reserve to be used if ha^ r fron the first area became damaged fror,: rain. 
Reserve forage iras cut the dajf following the scheduled date and removed 
fra.i the plots lâth a haj" baler when sufficiently dried, 
/ilfa].fa vjliich had been air-di'ied for 24 hoars was gathered by hand and 
then placed in burlap ba^ s to avoid leaf loss. îîa;>'- was iiimediately hauled 
to a large drier aiid dried at 176^ F, The alfalfa was removed from the 
drier and stored in burlap bags until prepared for feeding. 
I&^ s^tion 'Trials 
Ration ore par at ion 
Pr elirnlnaiTy' iror'.c Before the feeding tri,si s were to be conducted • 
on first-cutting sifalfa, it seemed appropriate to deterviiine an acceptable 
netliou of forage sa:;iple prepai'-ation. 
/in alfplfa-rracs iuijcbure harvested 3epte;iber 7» 19o2 at the Soil Con-
.servation 2::perii":ent?l Farn, Slienaiidoali, loi-ra, was used in prelininaiy 
studies to determine an acceptable nethod of forage preparation. The for-
ai:e was harvested, ba-^ ed and returned to Mes for diying in a larre, bin 
drier. Follovdnr oi-^ rinj- to olr-drj," moisture levels the forage was ground 
tlu-ou£h 1/2-, 3/^ - and blank screens in a haiimer riill. 
The alfalfa-rrass hay was fed to 12 wethers in a conventional digestion 
trial. The sheep were held in crates darinr the feeding trial. Total fecal 
collections •.•ore nade for 7 dsjrs follo%rinr a 10-day adjustment period. A 
randonised complete block design was used for the tln-ee forage preparations. 
Average percent BUI, daily intake, 17^ 1 and ration description are 
presented in Tables 2, 3 aaid 4. Tlie preliriinary data surgested the 1/2-
inch screen vras acceptable for hcç- preparation. 
First-cuttin..' alfalfa The alfalfa liay harvested at various dates 
was ground in a harrsuer mill usinr a l/2-inch screen. Tlie resulting material 
was 1/2 to if inches in length. 
Two samples frai each ration were separated to describe the particle 
si so of the cround forage. Soil sieves --jith standard openings of 4.699 rM., 
2.5 '•îT-. and 0.2 irr:', were used. Material was placed on the sieves and 
shaken by hand for five mnutes. Tlie resulting separates were dried in a 
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Table 2. Average daily intake, percent DDM and T'H of alfa?-fa-~rass hay 
-round, in a Manner rdll usi^ r l/2-inch, 3/4-inch and blanl-: 
screens. A'-'ies, Iowa. 1962-
Ration Sieve 
size 
Av^ . daily 
intake (lb) 
# yVI .len-th of 
DDM • hay (inches) 
1 1/2 in. 2.33% 56.10a 4o.0a l/2-l l/2 
2 3/4 in. 2.28a 59.79a 50.5a 1 1/2-2 
3 blank 2.04a 52.23a 41.2a . 2 1/2-4 
iMe 
do not d 
ans ' ri thin the sane colir^ jn follov^ d by the sa^ e letter or letters 
iffer statistically at the .01 level. 
Table 3- Avera-e percentages of ration : 
sizes as separated by sieves. 
material of various particle 
Ares, Iowa. 1962 
Percent of ration reriainin^  on sieve 
Ration 3ii eve opening 
4.699mm 2. 5mi 0.200im nonel 
1 10.1 19.5 25.4 45.1 
2 11.5 14. o 29.1 44.5 
3 90.0 2.1 1.1 6.3 
-Material nassin- t: irou'_-h all sieve s. 
forced-a Ir oven at SO°C. The results (Table 4) were expressed on an oven-
drjr basis. 
Following grinding, all hay was stored in burlap bags in a drj' stor­
age room. 
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Table 4. Avera-
using 
re percent 
sieves of 
a^rticle sise of 
various sizes, kv 
•round alfalfa 
10s, lo"?.. 196 
hay separated 
3, 19641 
Harvest date •Sieve opening 
1963 
4.699rci 2.5nn 0.200nr: none^  
, î'îay 29 3.jO 25.15 29.05 37.30 
June 5 18.90 31.10 22.50 27.50 
June 13 18.60 25.75 22.30 32.35 
June 20 26.35 26.55 19.95 27.15 
June 27 30.50 24.60 20.35 24.05 
July Ll 14.95 22.50 
1964 
33.75 2?.80 
May 21 8.90 20.55 26.70 43.85 
Hay- 28 6.20 19.65 36.80 37.35 
June 4 15.65 27.35 23.00 34.00 
June 12 5.30 15.25 41.35 37.10 
June 19 8.70 24.50 27.50 33.40 
June 24 13.35 10.45 31.50 39.65 
Ipercent sample regaining on sieve. 
î^feterial passing through all sieves. 
Feeding and samo?_ing 
Ti-renty-four wethers were used in each digestion trial. Tx-relve sheep 
t-jere held in pens and sheep corfiprisinp; the renaining two replications T-;ere 
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kept in crates during the trial. 
Total fecal collections Mere ^ ade to be userf in determination of 
digestibility. A 10-day adjustment period proceeding the 10-day collec­
tion period" was used. Sheep -vrere fed ad libituK with daily feed records 
kept for each animal. All sheep were fed•approximately 10^  in excess of 
the prevzlous daily intake. Animals vrere fed ti'iice daily and water was 
supplied at all times. 
A randomized complete block design was used. Sheep were assigned to 
uniform weight classes vâthin replications, '.niere weight classes were not 
distinct in 1964, sheep were randomly assigned to replications to conform 
to the 19^ 3 statistical design. 
One-fourth pound sa^ iples were taken for each ration, weighed and then 
dried in a forced-air oven at SOOQ. All samples collected i-rere ground in 
a Wiley mill through a medium-mesh screen, thoroughly mixed and sub-
sampled for the laboratory.'- analysis. In addition to the three replicate 
samples taken of the forage fed in the animal trials, small plot samples 
were also taken at each harvest date. A total of PÂ sm.all sample s for 
each harvest was taken during each of the three cuttings. These small-
plot samples were used to determine percent âr:y matter and then were used 
in the laboratory analyses. Grinding of the sa'nples was done in a '.Tile;-
mill usin;- a mediiun-mesh screen. 
Methods and calculations 
Total oven-dry fecal collections were used, to determine DDM. The 
following formula was used for calculation of DDM: 
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' JDK = Ory natter intake - Fecal rlry matter % 100 
Dry -natter intake 
Daily collections of fecal r:aterial were dried in a forced-air oven 
at 90°C. It should be noted herevrith that all results are expressed on an 
oven-dry basis. Results of the digestion trials z-rere expressed on an oven-
dry basis. All refusals by the sheep were oven dried and intake was cor­
rected accordingly. 
Laboratory Analyses 
Chenical analyses 
Analysis of crude fiber was triade according to the procedure outlined 
by the A.O.A.C. (1955)* The crude fiber procedure was modified to use-1 
graze of material rather than 2 ?rams. 
Analyses for crude protein were made according to the nicro-Kjeldahl 
procedure outlined by Perrin (1953)• Percent nitrogen was multiplied by 
6.25 to allow expression of results as percent crude protein. 
Analyses for cellulose were made according to the procedure outlined 
by Crampton and ^ aynard (1933) • One g-ram samples were used to determine 
the cellulose content of each forage sample. Analyses for cellulose re­
maining after various treatments viere made on residual samples. Samples 
analyzed for soluble cellulose were for cellulose as outlined by Dehority 
and Johnson (I96O). 
Cellulose solubility in cupriethylene diamine (CED) was determined 
according to the procedure outlined by Dehority and Johnson (i960). 
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In vitro analyses 
Analyses for percent in vitro digestible drj.' natter and digestible 
cellulose were ^ ade according to the procedure outlined by Tilley and 
Terry (I963). 
SaîTiples taken in the field at harvest time as rell as samples from 
the forage used for the animal trials x-rere used for vitro analyses. 
Cnlj'' one run was made of the small plot samples. Because of the large 
nuip.ber of field samples, analyses in the laboratory were blocked over the 
replicates for different dates in the laboratory when necessary. Hence, 
differences among runs in some cases were confounded mth replications. 
Three replicates of forage used in the trials \rere used for in vitro 
analyses. Tvro runs were made of the forage samples used in the animal 
trials. 
In an attempt to shorten the fermentation time from 49 hours, a 2k-
hour fermentation period was used in conjunction i-jith the normal two-stage 
fermentation technique. In the 24-hour fermentation treatment, fermen­
tations in rumen liquor for 24 hours were followed vàth normal additional 
49-hour pepsin digestion. 
Analyses for vitro digestion ..of dr;;/' matter and cellulose i-rere made 
and the results expressed on an oven-dry basis. 
Calculations for IVJl were made according to the formula presented by 
Crarapton et al.. (196O). IT^ /I calculations were made only for first-cutting 
alfalfa. 
CliiTiatological Data 
Data on air temperature and precipitation are presented in Table 5. 
Table 5« Average temperature and precipitation values for I963 and 1964. Ames, Iowa 
Temperature ("Fahrenheit) Precipitation (inches) 
Avera; ?e 
Departure from 
normal Avera: Te 
Departure from 
normal 
1963 1964 1963 1964 1963 1964 1963 1964 
January- 27.3 9.6 0.7 -10.4 0.52 0.59 -0.56 -0.49 
February 28.5 19.6 4.6 -4.3 0.32 0.63 -0.66 -0.35 
March 40.5 
-1.7 6.3 0.93 2.95 -0.95 1.07 
April 49.9 52.3 0.8 3.2 6.13 5.47 3.54 2.88 
I-Iay 65.8 60.2 5.? -0.3 4.07 4.66 . -rO.21 1.38 
June 69.1 73.5 1.1 3.3 7.71 2.45 2.50 2.76 
July 75.6 74.2 0.3 -0.6 4.34 4.17 1.03 0.86 
August 68.3 70.1 -4.4 -2.6 3.14 5.06 -0.71 1.21 
September 63.2 65.1 -2.0 0.8 2.92 2.33 -0.34 -0.97 
October 48.1 62.8 —6 « 0 0.5 0.40 0.86 -1.65 -1.14 
November 41.4 42.5 0.0 5.8 0.70 1.42 0.00 -0.20 
December 22.4 15.6 0.0 -9.5 0.35 0.49 0.00 -0.53 
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Averare daily soil temperatures as neasurcrl si::| inches belou the ground 
surface and total decree days are presented in Tables 6 and 7- ':a:d.'.^ un and 
nj.nir_ix-i soil temperatures were obtained usin~ a Taylor zaidriur;-niini?-U7i 
therno^ eter. Before placement in the field all thermometers trere checked 
for accuracy i-rith comparisons nade in the laboratory usin? three laboratory 
thersioneters. A range of ascendin? and descending teriperat^ Jires in a -ater 
bath were used to check the therrooneters. 
Table 6. Average daily si::-inch soil teinperature in degrees Fahrenheit 
for the v-eek previous to harvest.1 Aries, Iowa. 1963, 1964 
196? 
Harvest date 
î-îay 29 55 «Sa 
June 5 64.5b 
June 13 70.3d 
June 20 66.6c 
June 27 66.3b,c 
July 4 72.4e 
S J 0.41 
CV 1.07# 
. 1964 
my 21 65.7b 5 c 
23 67.6c 
June 4 60.4a 
Juiie 12 64.3b 
June 19 66.8c 
June 25 70.Id 
S J 0.496 
CV 1.31# 
M^eans within the sane column followed by the sane letter or letters 
do not differ statistically at the .01 level. 
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Table ?. Average total decree days for an alfalfa snard at sir-weelcly 
intervals during the first-cxxttinrAnes, Iowa. 1963, 196^ '' 
1963 
Date 
May 29 <14.7e 
June 5 6^ 9«3d,e 
Juîie 13 8l^ ,0c,d 
June 20 ?6l.7b,c 
June 27 1103.3b 
Ju]y 4 1332.7a 
S£ 41.1 
CV 7.95# 
1964 
May 21 440.3a 
lyîay 23 538.7b 
Jtine 4 687.0c 
June 12 831.Od 
June 19 979.7e 
June 25 1122.2f 
s% 
CV 0.16# 
-Means tjithin the sane column followed by the sane letter or letters 
do not differ statistically at the .01 level. 
D^erree days are totals of average daily degrees in excess of 46°F 
from date of q-roi-rth initiation to harvest date. 
Attachment and placenent of the temperature units in the field are pre­
sented in Figure 1. Each thermometer was housed in a white shelter shot-m in 
Figure 2. Three locations were selected at random within the 3«2 acre 
field. An area of alfalfa 10 by 10 feet in size around each temperature 
unit was maintained such that a forage cover remained throughout the 
Figure 2. . Schematic diagram of instrument shelter used to house 
the maxiTmiri and mininura themorneters. Anes, Iowa, 
1963 and 1964 
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INSTRUMENT SHELTER 
5 1/2" 
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harvest schedule of first-cuttinf? alfalfa. Following the last harvest of 
first-cutting alfalfa the sward was removed from the temperature-sensing 
areas. Soil temperature data were recorded only during the first-cutting 
sequence. 
In an attempt to weight the.days as the season progressed, a total of 
the degrees above for each day were used to characterize the season. 
The weighted days gave more emphasis to the warmer days in the latter part 
of the season. This is in contrast to the tabulation of the number of days 
lapse foUoifTing growth initiation. 
Soil temperatures were used in calculating degree days for the first-
cutting harvest sequence. Average daily degrees Fahrenheit (F) in excess 
of 46°F were added throughout the first-cutting sequence to obtain "degree 
days". The following formulae were used in calculating degree days; 
1. T ma:0.mu:Ti + T minimum - ^6 = X degree days 
2 
2. X-| degree days + X2 degree days + 
degree days = Total degree days. 
Where X^  is date of grovrth initiation and 
Xn is harvest date. T is temperature (°F). 
Growth initiation was defined as that date when the spring gro^ '^ bh of 
alfalfa reached two inches in height. 
Statistical analysis for average degree days and average Kreekly soil 
temperatures at the si>;-inch soil depths are presented, in Tables S and 9-
A comparison of the total degree days to harvest time for I963 and 1964 
are presented in Figure 3. 
Table 3. Analysis of variance for average daily six-inch soil temperature for the 
week previous to harvest. Ar-es, Iowa. I963, 1964 
Source of variation df 
Replications 2 
Harvest date 5 
Linear 1 
Error 10 
Total 17 
* Significant at the .05 level. 
** Significant at the .01 level. 
1963 1964 
MS F MS F 
4.04 8.60** 5.23 7.09* 
100.30 199.23** 32.7s 44.42** 
329.39 635.21** 24.34 32.98** 
0.50 0.78 
vo 
w 
b = +1.23 Increase in b = +0.34 Increase in 
average daily six-inch average daily six-inch 
soil temperature. soil temperature. 
Table Q. Anal^ -sis of variance for total degree days of an alfalfa sizairl at six -weekly 
intervals durin," the first-cutting period. Anes, Io"a. 1963» 19^  ^
1963 1964 
Source of variation df MS F Î'-B F 
Replications 2 10^)0.1. 13707.2 117.04** 
Harvest date 5 270423.5 53.34** 192642.1 1205.93** 
Linear 1 1343120.1 264.91** 960461.0 6035.20** 
Error 10 5070.0 159.6 
Total 17 
* Significant at the ,05 level 
** Significant at the .01 level 
b = +80.0 Increase in 
decree days per week 
ch.irin[^  the harvest period. 
b = +67.6 Increase in 
ce^ ree days per week 
during the harvest period. 
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Figure 3« Average total degree days from growth initiation 
to harvest date for alfalfa harvested at six 
stages of maturity. Ames, Iowa. I963 and 1964 
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RESULTS Airo DISCUSSION 
'-effect of Maturit? on Yields of Dr;/ Hatter 
Yields of alfalfa as affected by maturity of t'le first cutting are 
su:n"iarized for 196] and 1964 in Tables 10 and 11. The analyses of variance 
are presented -in Tables 12, 13, 1^ , and I3. Yield data presented are 
averages of four replications. Cach cuttin? -ras analyzed separately and 
each harvest sequence was totaled for the three cuttings for seasonal 
yield comparisons. As described previously the first-harvest date in 19-^  
was noved one v!eek in advance of the 1963 first-harvest date. 
First-cutting 
- Average yields of first-cutting alfalfa harvested at six, --reekljr in­
tervals durin^ 'i I963 and 1964 are presented in Table 11. Corresponding 
analyses of variance are presented in Table 12. Sirnificantly higher yields 
resulted as the harvest of first-cutting alfalfa vras delayed. Yields of 
âr-j zatter increased markedly fron ;!ay 29 through June I3, 1963» "arvest 
date of first-cutting alfalfa taken after the l/2 blooz stage did not 
cause statistically significant increases in dry tatter produced during I963. 
During 1964 dry natter w-ields increased considerably until the first-
flower stage of maturity. Severe wind damage just prior to the June 4 
harvest nay have caused the slight decrease in dry Matter yields. Hoirever, 
yields of dry matter continued to increase during the following 3-week 
period. The average yield of drj' matter for the first cuttings of 1964 con­
tinued to increase from 1.06 tons per acre on I&.y 21 to 1.84 tons on June 25. 
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Average ^ âelds of dry natter of first-cuttin~ alfalfa generally in­
creased during the six-week harvest period for both years. Successive in­
crements of yield increases at early stage of harvest :'Tere greater than 
those at zore advanced r^oi-rth stares. 
Second-cuttin-
Average yields for second-cutting alfalfa (regr&wth) following the 
six weekly hari^ 'ests of first cutting are presented in Tables 10 and 11. 
Generally, yields of dry natter increased --âth advanced maturity in this 
instance, the matwity effect resulting fror. var^ .ring the first-cutting 
harvest periods. Average yields of dry matter increased fron 0.60 tons 
per acre to 1.53 tons per acre during 1963. Average second-cutting yields 
increased fro;n 0.73 tons per acre to 1.44 tons per acre in 1964. 
Seasonal yields 
Average seasonal yields of alfalfa in tons of drj^  matter per acre are 
presented in Table 11. Generally, reductions in total yields of diy matter 
froi'Ti harvesting irrriature stares of first cutting were compensated for by 
increased second-cutting yields, /feed-free, oven dry seasonal yields of 
dry matter were reduced slij^ htly due to harvesting the first cutting at 
irmature stages. Differences in total seasonal yield i-rere statistically 
»• 
significant (.05 level) in 1963 but not in 1964 as affected by first-
cutting date. A small amount of annual weeds were evident in some of the 
groi-rth. Snail amounts of annual weeds appeared during the second-cutting 
in 1963 and to a greater extent in the third-cutting in 1964. 
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Conbined analysis of total dry natter yields for 19^ 3 and 1964 
(Tables 14 and l6) derionstrated a statistically significant (? = .05) 
reduction in total seasonal ;/ields frorr. harvesting the first cutting at 
very imnature stages, However, there was no statistically significant 
difference in ttie average seasonal yields fro-,i harvests taken durinr the 
follovTin." three, weekly-harvest dates. Total seasonal yields were sign­
ificantly reduced when first cuttings were taken at very innatiire or very 
•nature stages. 
• A significant cuttings within years by harvest date interaction in­
dicated differences in total yields at the various cutting dates -jrere 
statistically different. Average first-cuttinç yields were biggest fol­
lowed by second and third cuttings, respectively. Significant cuttings 
within years by years interaction indicated that differences in yields 
ar.iong cuttings were statistically different. Average yields for all 
cuttings were lower in 19ck than during 1963. 
'.iighest total seasonal yields were obtained following the June 5 
harvest date in 1963 and the tlay 23 and June 12 harvest dates in 1964. 
In general, there was no statistical significant advantage for delaying 
the first-harvest date of alfalfa beyond the l/lOth bloom stage on the 
basis of total seasonal yields obtained. 
Chenical Analysis of First-Cutting Alfalfa and Regrowths 
Crude protein 
Average percent crude protein content of first-cutting alfalfa and 
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their aftermaths during I963 and 1964 are presented in Table 1?. Average 
trends in crude protein are presented in ?ip;ures 4 and Corresponding 
statistical analyses are presented in Tables 18 and 19. 
Average percent crude protein declined markedly during the first-
cutting as shovm in Table 1?. A highly significant linear decline in • 
percent crude protein was observed in both years. A delay of one week in 
the harvest date of the first cutting of alfalfa resulted in an average 
decline of 1.2S'p crude protein in I963 (Figrue 4) and 1.%^  crude protein 
in 1964 (Figure 5). Percent ci^ ide protein in regrovrth alfalfa declined 
rapidly following the I'lay 29, Jijne 55 June 13 and June 20 harvest dates 
(Table 17, Figures 4 and 5)* Although a statistically significant linear 
decline in the percent crude protein of the regrowth occurred, this was 
accentuated by a rapid decline at very iroTiature stages. Average decline 
in percent crude protein for regrowth alfalfa was 2.62$ and 1.53^  for each 
weekly advance :_n maturity during 1963 and 1964, respectively. 
Crude fiber 
Average percent crude fiber values for first-cutting alfalfa harvested 
at sir-: stages of natijirity during I963 and 1964 are presented in Table 20. 
Statistical analyses are presented in Tables 21, 22 and 23. 
Generally, crude fiber increased significantly over the six-week 
harvest period of first-cutting alfalfa in 1963 and 1964 (Figures 6 and 7). 
First-cutting alfalfa harvested May 29 analyzed 27.65^  crude fiber 
and increased to 37.43^  on July 4, I963. An average linear increase of 
2.02^  crude fiber resulted from each weekly delay in the harvest date. 
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In 1964, average percent crude fiber of first-cuttin- alfalfa in­
creased sig:nificantlY (linear) fron î'îs.y 21 thrca^ h June 25• Cnde fiber 
increased fro:n 23.61^  on May 21 to 32.09^  on June 25, 19c4. An average 
increase of 1.46^  crude fiber occurred during each -reekl" delay in harvest 
date during 1964. 
Re^ ro^ th alfalfa increased in percent crude fiber T-dth advancing 
maturity caused by t]:e varied intervals fron first-cuttin~. ?e?rowths 
increased 0.92^  crude fiber •'•Tith each weekly advance in maturity in 19?3j 
T-jhile re-ro%ths following the 1964 harvest sequence increased 1.00^  crude 
fiber -'âth each weekly advance in raturity. Although a statistically 
significant linear increase was present, ^ ost of the changes in percent 
crude fiber of regrovrfch alfalfa "-rere evident bett-reen the ti-ro rrost ir^ ature 
stages. 
Percent cellulose 
Values for average percent cellulose of first-cutting alfalfa har­
vested at six stages of maturity are presented in Tables 24- and 25. Aver­
ages of percent cellulose are for three replicates of sa^ .ples taken frorr. 
the forages fed in the feeding trials (Table 24) and four replicates of 
sriall-plot samples taken in the field (Table 25). Corresponding sta­
tistical analyses are presented in Tables 26, 2? and 23. 
In general, average percent cellulose increased significantly during 
the first cutting t-Tith advanced naturity. Total increases, hot-rever, were 
not as great as in corresponding comparisons X'lith either percent crude 
protein or crude fiber. 
The average percent cellulose value of alfalfa harvested yiay 29 %fas 
45 
23.30# and increased to 35'OSf) on July 1963. An average increase of 
l.<6^  T'/ith each weekly advance in maturity occurred during the I963 harvest 
sequence (Figure S). Average percent cellulose of first-cutting alfalfa 
in 1964 increased fro^  30.190 on liay 21 to 35'59^  on June 25. An average 
increase of 0.90^  occurred for each weekly advance in maturity during the 
1964 harvest sequence (Figure 9). 
Re<jro"t-rth alfalfa following the first-cutting harvest sequence in I963 
did not differ significantly in percent cellulose despite a six-week dif­
ference in r;aturitj?-. In 1964, cellulose content of regrowths did not dif­
fer statistically for five of the si:: harvest dates. Percent cellulose of 
second cutting ifas slightlj»- higher in the 196^  regrowths than in I963. . 
There were little differences in the percent cellulose values for third-
cutting har'/ests in both years. 
Percent cellulose of samples taken fron forage fed in the anirial 
trials was considerably higher than corresponding samples taken fron snail 
plots (Figures 9 and 9). Increases in percent cellulose were of the sarn.e 
order in both types of samples. Average increases in percent cellulose of 
samples from forage fed were 1.36^  for each imekly advance in ynaturit^ r 
during I963 and 1.89^  during the 1964 sequence. 
Standard errors of the means were of siirdlar magnitude for ration 
samples and Si?all-plot samples. The coefficients of variation for percent 
cellulose were 3«76^  and 2.28^  in 1963 and 3.480 and 1.590 in 1964 for 
small-plot s armies and ration sainples, respectively. 
Major differences in the cellulose values obtained fron the two types 
of samples of first-cutting alfalfa ifere likely caused bj' differences in 
the drying process. Small-plot samples were taken from the field and 
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placed i-'ediately in a forced-air crier. ?ora-o used in the ari"-al trials 
-:as allo"ed to air-di^  for 2U hours and then ^ ried in a forced-air crier. 
It -zould see-.- reasonable to assiv-e that the dr^ 'in" procedure should be si'-i-
lar to t'lat of the product to be fed to the aninals vrhere inferences are to 
be •••ade. Differences in the dr^ O-nn; nethods of the t"o sanples sur^ ested 
that respiration iras active in the fielf-cured fora:-e "hile respiration in 
sriall-25lot samples iras ^ inizized bv r.ore rapid drj-in- in an oven. 
-he Effect of Maturity on %n,V^ vo and %n Vitro Di-estibilit" 
In vivo digestible d'jy/ :-:atter 
Average percent DJM values for first-cuttin^  alfalfa harvested at si:: 
stages of maturity in 1?63 and 1S>6^ !- are presented in Table 29. Cor­
respondis- anal^ 'ses of variance are presented in Table 3'^ ' 
The average percent DDK values :-rsre not significantly different for 
alfalfa harvested at si" harvest dates in 1?63. Alfalfa harvested ifey 29 
analyzed 57«7?^  DDK and declined to 53DDK on Jul;- 4. Durin,;-; the 
earlier harvest dates (five-iree':: period) the average decline in percent DDK 
--as less than three DDK ixnits. The average weehl^ / decline in digestibility 
"as 0.76^  for each iroekly delay in the first cuttin- (Fipure 10). 
As described previously, the calendar date of the first cutting in 
1964 vras T'loved one --reel; in advance of the dates used in 1963• The decline 
in average percent DDK during; the six stages of Tiaturity in 1964 vras of 
rreater vaajnitude than in 1963• Alfalfa analyzed 65.66^  and 54.0^ !^  DDK 
Wiien harvested on liay 21 and Jujie 25? 1964, respectively. The DDK of first 
cutting declined significantly duriri,?: the early stages of -aturity. A 
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statistically significant decrease of c.l6 di'-estibility lonits ims noted 
d-arin~ the ireek of rîay 21 to May 23, 1964. A fui^ ther decline of ^ .'^ 6 
digestibility units occurred during the 5-':eGk period of May 25 to June 25. 
An avera-e decline of 2.31 di-estibility units occurred for each weekly 
delay in the harvest date of first-cutting alfalfa harvested in 1964 
(Figure 11). 
In vitro digestible dr- matter 
Average percent ixj, vitro DDH values are presented in Tables 31, 32, 
39 and 40. Correspondin" analyses of variance are presented in Tables 33; 
3^ 5 35, 36, 37» 33, 4l and 42. %n vitro DDM values for fora.-e fed in the 
anir.ial trials are presented in Tables 31, 32 and Figures 11, 12 and 13. 
Average percent in vitro DDK for the 24-hour fermentation perj.od 
declined 0.3? digestibility units for oach ---eekl;" advance in natur^ .tr..-. 
Average percent DDi'I for the 48-hour fermentation period declined an aver­
age of 0.67^  DDM for each ireekly delay in the first-cutting har'/est date 
(Figure 12). Forage harvested on l'îay 29 analysed 59'Ojfo DDK and declined 
to j6.6Q'jo DDK on July 4, 1963. Standard deviations of the y.eans irere of 
siriilar magnitude for the first run (0,47), second run (O.69) and. co-.nbined 
analj-sis (0.36). Significant linear trends for both the 24- and 43-hour 
results occurred in I963. The linear trends did not differ statistically 
for percent DDM (24-hour fermentation periods) of first-cutting alfalfa 
harvested in either I963 or 1964. 
Average percent in vitro DDK (24-hour fermentation) declined I.32 
digestibility units for each weeldy delay in the harvest date during the 
1964 harvest sequence (Figure I3). Percent jri vitro DDM values (24-Kc)ur 
51 
O 
> 
70 
68 
66-
64 
û 62 
o 
60 
58 
54 
52 
Y = 66.I4- 2.31 X 
I 1 
MAY . MAY JUNE JUNE JUNE JUNE 
21 28 4 12 19 25 
HARVEST DATE 
1964 
Figure 11. Average percent DDM of first-cutting alfalfa harvested 
at six stages of maturity, Ames, Iowa, 1964 
52 
s 
O 
o 
o 
X 
H 
6 8  
66 
64 
62 
60 
58 
El 56 
$5 
54 
52-
50-
± 
48-HOUR FERMENTATION 
o Y=60.57-0.67X 
24-HOUR FERMENTATION 
Y=54.20-0.87X 
I ± I 
MAY JUNE JUNE JUNE 
29 5 13 20 
HARVEST DATE 
1963 
JUNE JULY 
27 4 
Figure 12. Average 24- and 48-hour fermentation results for 
ia vitro DDM of first-cutting alfalfa harvested at 
six stages of maturity. Ames, Iowa, I963 
53 
I 
S 
o 
o 
o Q: 
H 
> 
a 
64. 
62. 
60. 
58. 
56. 
54. 
52. 
50. 
48. 
46. 
48-HOUR FERMENTATION 
Ys63.35-l.74X 
24-HOUR FERMENTATION 
Y = 53.73-1.32 X 
o 
1 
MAY . MAY JUNE JUNE 
21 28 4 12 
HARVEST DATE 
1964 
JUNE JUNE 
19 25 
Figure 13. Average 24- and 48-hour fermentation results for 
in vitro DDM of first-cutting alfalfa harvested at 
six stages of maturity. Ames, Iowa. 1964 
5^ 
fermentation) declined from 52.^ 9^  on iîay 21 to 46.13# on June 25. The 
average decline in percent îq. vitro DDM (48-hour fermentation) was 1.7^  ^
DDM for each weekly advance in maturity. 
Differences between runs of the two fermentation periods for forage 
of the 1963 and 1964 harvest sequence were highly significant. The inter­
actions between runs and harvest dates were not statistically significant. 
This would indicate that although runs were different the trends within 
runs did not differ in either year. The 48-hour DDM results were nearly a 
1:1 prediction of the jJl vivo DDM. The regression equation Y = l.OOX -
0.64"indicated that the 48-hour fermentations (X) were similar in measuring 
the disappearance of dry matter as were corresponding animal results. 
Within trial variability was quite low and allowed the comparisons of for­
ages with small differences. Standard errors of estimates were 2.75 for 
24-hour in. vitro DDM results and 2.14 for 48-hour DDM results. 
Small-plot samples were fermented for 48 hours in the in, vitro 
o 
analyses. Average percent 12. vitro DDM and corresponding analyses of var­
iance are presented in Tables 39».^ 0» 4l and 42. First-cutting alfalfa in 
vitro DDM declined from 65.02# on May 29 to 56.14^  on July 4, I963. Aver­
age percent DDM declined from 65*02# on May 21 to 53.3^ # on June 25» 1964. 
A significant linear trend in the decrease of vitro DDM was noted for 
the small-plot samples in I963. There was a significant linear trend in 
the DDM values of small-plot samples harvested in 1964 (probability level 
at ,10). 
Average ia vitro DDM values of alfalfa regrowths following the first-
cutting harvest sequence are presented in Table 41. Analyses of variance 
are presented in Table 42. Regrowth changed rapidly in percent DDM with 
55 
little change after first-flower. The differences between second and third 
cutting in vitro DDM values were small. Averages of regrowth in vitro DDM 
declined from 66.36^  following the July 4 harvest to 55«32^  for regrowths 
of the May 29, 19^ 3 harvest. The third cutting in 1963 did not differ 
statistically in percent in vitro DDM. 
Regrowths for the 1964 harvest sequence declined sharply for the im­
mature regrowths (June 25 and June 19 harvest dates) and did not differ 
statistically for regrowths follovâng the May 21, May 28, June 4 and 
June 12 harvest dates. Regrowth following the June harvest analyzed 
66.54^  DIM and declined to 63.66^  on June 19; 6O.5O0 on June 12; 6O.630 
on June 4; 59«32^  on May 28; and 58.70$ for the regrox-xth following the 
l'îay 21 harvest during 1964. The third cutting in vitro DDM during 1964 
did not differ statistically in in vitro DDM. 
In vitro digestible cellulose 
Average percent iji vitro digestible cellulose foUot-Jing 24- and 43-
hour fermentations are presented in Tables 43 and 44. Corresponding 
analyses of variance are presented in Tables 45, 46, 47, 48 and 49. Aver­
ages are two runs of three replicates of each harvest date (Figures l4, 
15, 16 and 17) fed during the I963 animal trials. In vitro digestible 
cellulose of forage fed during the 1964 animal trials declined signifi­
cantly during the early stages of maturity. Decline for each weekly ad­
vance in maturity during the 1964 harvest sequence was 1.20# and 2.24^  for 
24- and 48-hour fermentation periods, respectively» 
A significant decline of in vitro digestible cellulose of first-
cutting alfalfa during I963 and 1964 was shown in small-plot samples taken 
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(Tables 50 and 51) • "o'.-ever, the r-ajor differences in the digestible cel­
lulose values occurred betx^ en forage harvested May 29 and Jtme I3, after 
which little,change occurred. 
A ;narL:ed. decline of in vitro digestible cellulose occurred during the 
stages of maturity in 1964. Average di~estible.cellulose analyzed was 
67.090 on i-ky 21 and declined to jl.92^  on June 25, 1964. The decline in 
the digestible cellulose value for first-cuttin? alfalfa was sinilar for 
1963 and 1964. Changes in the di"estibility of regrowth celliolose were 
ver^ - rapid during the early stages of naturity. Changes in the regrox-rth 
occurred during the ver^ r irriature stages. 
"he Use of Cellulose Solubility 
Average percent soluble cellulose values for first-cutting alfalfa 
are presented in Table 52. Corresponding anal'/ses of variance are pre­
sented in Table 53- Trends in the decline of soluble cellulose values 
are presented in Figures 18 and 19. 
Average percent soluble cellulose declined over the si:: weekly har­
vests of first-cutting alfalfa. An average soluble cellulose value of 
on ¥jlj 29 Tjas followed by a decline to 58.30^  on July 4, 1963. 
Sirrilarly, percent soluble cellulose of on Hay 21 was follof-red by a 
decline to 5^ .04^  on June 25, 1964. 
because of the difference in percent cellulose of small-plot and 
ration samples, only those results from forage fed in the aninal trials are 
reported. Differences would be of questionable value in the assessment of 
forage quality using the results obtained t-Tith the cellulose solubility 
technique in this study. 
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Calculation of the l utritivc Y-r'.luo 
Average calculated l.'.'i valv.es and average dail" intake of first-
cut tin'- alfalfa harvestorj durin'; I963 and 1154 are presentee in Table 29. 
Correspondin;; anal;-5es of variance are presentee' in Cables 54 and 55- As 
described previously, the recorded intn.::os during the digestion trials 
vrere used to calculate r/I values of first-cuttin" alfalfa. 
Calculation of the ".~H values as presented by Crarnpton and co-'rorhers 
(i960) are based upon relative intake an/1 digestibility. Dr^ ' •-.atter in­
take did not differ statisticajj^ r for t'le si:: fora-es fee- to the ani'-als 
duriny I963. '':o-rever, a sli"ht]^ / higher intake for forage harvested June 5 
resulted in a hi^ hor corresponding Iv/I value for that date as co:.:parecl to 
I-iay 29. DuTin": 196''T, a general decline in the consu~ption v-as noted. 
Similarly; a cecline in the I™ values iras noted. Considerable vari­
ation in the results caused the non-sirnificance of t'\e differences but a 
sii'dlar trend in the '.'FL and 'JDll values "as noted. '.^ FL values "ere cor­
related -iâth i;n vitro r~il (49-hour fermentation). A significant correl­
ation coefficient (.05 level), r = .33, bet: re en and jj: vitro DDI-Î -ras 
observed. "_'he relationship -ras expressed in the equation Y = 4l.tû 4 .3OX 
"here ip \ri_tro DDI' (43-hour feir^ ent-ation) i^ as used to predict (Y). 
Avera-e 17/1 values did not differ statistically for the si:-:, -reelrly 
hai^ vests of alfalfa during the 19^ 3 harvest sequence. Averaqe daily con­
sumption did not differ statistically --rhen corrected to 100 po^ n^ds of body 
-reirht. 
Considerable variation in the calculated values, occurred during 
both 1963 and 19<>^ . The coefficient of variations i-rere 13.45 and 22.06 for 
— 64 
the 19c3 and 1964 .?7l data, respectively. The standard errors of the 
zeans were 3.SO and ^ .63 for the t'.ro years, respectively. 
Correlations and Prediction Equations 
Correlations 
Correlations of various neasured indices of forage quality i-Tith: 
••neasured vivo digestibility results are presented in Table _p6. Cal­
culated correlation coefficients fro:' ^ ean zeasure-ents of the various 
indices of forage quality t-rcre used in the comparisons. 
Statistically significant values for a large number of indices in­
dicated that .several of these indices :-iay be used to estiriate the cuality 
m 
of first-cutting alfalfa. 
/.'ithin years, 24- and 43-hour vitro DBH re su], t s were -ood esti-
nators of forage quality. Xr vitro 24- and 43-hour LOK values were si"-
nificant^  ^correlated -jith jji vivo results. Correlation coefficients of 
r = +.37 (24-hour fermentation) and. r = +.32 (43-hour fermentation) i^ 'ere 
observed between first-cutting alfalfa in vitro and vivo DDK re­
sults, During 1964 the correlations were both r = +.93 between in vitro 
2^4- and 43-hoiu- fermentations and in vivo DDK results. There was no sir-
nificant correlation between s::all-plot jji vitro analyses and in vj.vo 
results in I963. Trends in the in vitro DDK were quite different fron the 
in vivo DDK results. A considerablj;- greater decline in the in vitro DDK 
occurred i&th tlie snail-plot sa-iples than was evident in the in vivo re­
sults of 1963 and 1964. 
Average percent Jjj vitro digestible cellulose for I963 showed a 
65 
general trend similar to that of %IL vivo DDM for five of the si" harvest 
dates, "because the net changes in the digestibility were si'iall in I963, 
a snaU. variation in the in vj.tro digestible cellulose chanced the cor­
relation coefficient vrhen correlated vrith %n vivo results. In vitro di­
gestible cellulose (43-hour fermentation) demonstrated a general decline 
fro:- 54.00^ 1 on Mav 29 to 51.04^  on June 25. I-'owever, the results fror. 
July 4 (57«56^ ) are not consistent viith the results of 1964. "owever, the 
net deviation fron the overall average in 1963 vras less than tliree digesti­
bility units. 
vJhen the results froz July 4 ^ere included in calculation of correl­
ation coefficient for coriparisons between in vivo DDE and in vitro di­
gestible cellulose, the values '•lere negative (r = -.33 for 43-hour fer­
mentation; r = -.4? for 24-hour fermentation). 'Then the results ^ zere 
analysed "âth July 4 data deleted the coefficient was positive (r = +.6?) 
but was not statistically significant at the .05 level. 
During 1964, correlation coefficients +.89 and +.93 "ere observed 
between 24-. and 48-hour fermentation di^ s^tible cellulose data and in 
\rivo DDi-i, respectively. 
Cheiiical analyses for percent crude protein and percent crude fiber, 
as well as cellulose, %ere significantly correlated. v?ith the in vivo 
results. Crude fiber was si-nificantly correlated %-7ith in vivo results 
(r = -.39 and r = -.33) for first-cuttin- alfalfa during the I963 and 1964 
harvest sequences, respective]^ -. 
Percent crude protein was significantly correlated during the 1964 
harvest sequence but not din-ing the 1963 harvest sequence. Correlation 
coefficients of r = +.68 (I963) and r = +.93 (1964) xrere noted between 
66 
crude protein anrl 1%: vivo DDI! results. During the 1963 first-cutting 
sequence ?.ver?.;-e percent crude protein declined over the si):--7eek period 
but iii vivo' DDK did not show a correspondin" decline over t>J.s period. 
Percent cellulose of forarre iras significantly correlated i-iith the in 
vivo DDK, coefficients bein^  r = -.59 and r = -.33 for I963 and 1964, re­
spectively. 
Soluble cellulose values of ration materials -rere si-nificantlv cor­
related -iith 2^  vivo results. Gi-nificant correlations -:ere r = +.91 and 
+ .94 between soluble cellulose and in vivo DDI-' for 19^ 3 and 1964. 
Calculated TDK neasurenents -.rere si:;;nificantly correlated vâth ia. \rivo 
DDK in 19c4 but not significantly correlated durin" 1953. 
Goibined data over years "ere correlated for first-cutting alfalfa 
harvested at si:: stages of -aturi-b', • Statistically significant correl­
ations -.rerG noted for jji vivo DDK and (a) both ?.4- and 43-hour vitro 
DDK, (':) chemical analyses for both percent crude protein and percent 
crude fiber, (c) both percent cellulose and soluble celliO.osG and (d) 
calculated TDK values. Digestible cellulose (in vitro ; -.ras not sig­
nifie? ntl[' correlated -lith the in vi.vo DDK -easure'ients in 1963' ho:-ever, 
they --rere significantly correlated in I96-!-. 
Prediction equations 
Calculated regression equations for various laboratory indices as 
measured, for first-cuttinr alfalfa are presented in Table 57> Average 
values used for nredictirr forage cualitv were 24- and 43-hour in vitro 
fermentations by ruiien nicroor^ anisrs. T'he equation Y = 1.00% - 0.64 
denonstrated the relationship of 43-hour izi vitro DDK (X) to in vivo (Y) 
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(?i~ure 20). '..l%en 2^ -hour ixi EC'K (X) was used the equation Y = 
l4.42 + 0.35 X demonstrated the relationship of iii vivo DDK (T) and in 
Percentage values of crude fiber, crude protein, cellulose and soluble 
cellulose vrers of value in indicating fora-e quality of first-cutting 
alfalfa. Considering that either crude protein or crude fiber values can 
be used to s one decree to estiriate forare cualitj' of first-cutting alfalfa, 
as based on these studies it follo"s that the use of both values in the 
Axe11son forrada (19^ 9) should improve the estimation of the prediction. 
Because of the limited nu-nber of rations t-rhich Here available for 
comparisons, it irould be dosirabl.e to have a wider spread in the digesti­
bility of the- material used for such comparisons. For use of crude fiber 
t'le equation Y = 72.99 - 0.S2X demonstrated the relationship bet-reen per­
cent crude fiber and jj: "/ivo DDH. 3i"-ilarlY, crude protein (Y = 35.16 4 
92X) anc^  soluble cellulose (Y = 29.70 - demonstrated a relationship 
i-dth \rivo DDK. 
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Figure 20, Average percent DDM in vivo and in vitro and the 
regression equation for using in vitro DDM to 
predict in vivo DDM. Ames, Iowa. I963 and 1964 
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SUmRY 
Dry matter yield trials, chemical analyses and feeding trials were 
used in an attempt to clarify the importance of agronomic factors which 
affect the quality of first-cutting alfalfa. In addition, several lab­
oratory techniques were used in an attempt to assess their suitability 
anc| value in estimating forage quality from small samples. 
Delay in the harvest date of the first cutting of alfalfa generally 
resulted in an increase in drj'' matter yield. Sacrifices in dry matter 
yields from earlier first cutting were compensated for increases in 
yields of dry matter for the aftermath harvests. Total seasonal yields 
were not significantly affected by the first-cutting date during 1964. 
However, when, the average yields over two years were compared, signifi­
cantly higher seasonal yields of dry matter were obtained when first-
cutting alfalfa was harvested at the first-flower or l/lOth bloom stages. 
The greatest increases in first-cutting yields occurred during the ir.-
mature stages of growth. 
In vivo digestion trials demonstrated that a statistically signifi­
cant (? = .05), change did not occur in the DDM of the first-cutting alfalfa 
during the harvest sequence of 196]. During 1964, significant declines in 
the DDM occurred during the early stages of grovrth. A greater decline in 
DDM occurred during the first week in 1964 than occurred during the fol­
lowing five treeks. 
I'Jhen care was taken to avoid leaf losses that might have been present 
during the mechanical handling of hay, little differences in DDM occurred 
after the first-cutting alfalfa reached the l/lOth bloom stage. Of 
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agronomie importance is the usefulness of an alfalfa variety which retains 
the leaves, allowing a greater latitude in the harvest date of first-
cutting. Also of importance is the management of alfalfa harvesting such 
that losses of leaves are minimized. 
Chemical analyses for percent protein, crude fiber, cellulose and in 
vitro DDM were compared as laboratory measures of forage quality. In ad­
dition, cellulose solubility in CED and calculated TDH were used in the 
laboratory as indices of forage quality. Analyses for crude fiber and 
crude protein demonstrated a general decline in these components during the 
first-cutting harvest sequence. Crude fiber vjas significantly correlated 
with first-cutting in vivo results for both years. Regrowths demonstrated 
increases in crude fiber i-jith advanced maturity following first cutting at 
immature stages of grovrth while little change occurred in the more mature 
regroirths. Crude protein was significantly correlated i-jith ia vivo results 
during the 1964 harvest sequence. Even though little change occurred in 
the digestibility of the forage i-dth advancing maturity of first-cutting 
forage in 1963» a marked change occurred in the percent crude protein of 
the forage. 
Cellulose analyses demonstrated a significant difference between 
samples taken in the field as small-plot samples and those of forage fed 
in the digestion trials. Similar increasing trends xrere noted in percent 
cellulose for both types of samples. Net increases in percent cellulose 
were not as great as those in percent crude fiber. 
Cellulose solubility of the forage fed demonstrated a general decline 
over the six weekly harvests of first-cutting alfalfa during I963 and 1964. 
The cellulose solubility technique was as effective in the assessment of 
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quality as —ere analyses r'or crude -orotein anc crude fiber. 
%n \n.tro analyses for DDLI and di~estible cellulose su-^ ested t-iat 
DDH "as a zore reliable indicator of forage duality t'lan di'-estible cel­
lulose when tl'ie Tilley and "'erry tuo-sta^ e technique -ras used. Although 
the 2-4—hour DDI: results -rere hd::hly correlated with vivo DDH, fer­
mentations for •-!-3 liours resulted in less variation bettreen runs. 
Soil te-rjeratures -.-Tero used to calculate decree days -rhich indicated 
sivdlar trends for each year. As an index of the season, ds~ree days fol­
lowed trends "hich -:ere useful in describing the seasons. Duz-in^  19^ 3 and. 
1964 the DDH of first-cuttin" alfalfa changed, very little after 600 total 
decree days. It '"ould seen reasonable that as a characterization of the 
season, decree days i-rould better reflect the earliness or lateness of a 
season than "ould the calendar date. 
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APPENDIX 
Table 10. Harvest date, stage of maturity, percent bloom, averagejheight and average percent dry-
matter of first-cutting alfalfa harvested at six stages of maturity. 1963» 196^  
Harvest date Stage of maturity io bloom^  Height (inches) $ dry matter 
1963 
May 29 pre-bud 0.0 23.7 20.00 
June 5 ist flower 1.0 25.1 24.24 
June 13 1/2 bloom 52.0 28.0 28.41 
June 20 3/4 bloom 72.0 33.6 32.03 
June 27 full bloom 74.0 34.6 30.24 
July 4 early pod 79.0 36.8 30.78 
1964 
May 21 vegetative 0.0 17.3 ; 22.92 
May 28 bud 0.0 21.4 .23.43 
June 4 1st flower 4.7 21.2 24.90 
June 12 1/10 bloom 18.5 24.2 29.02 
June 19 3/^  bloom 78.8 26.0 28.69 
June 25 full bloom 89.2 29.1 27.51 
^Percent bloom was determined as percent stems x-irith flowers from a sample of 100 stems per plot. 
Table 11. Harvest date and tons chy natter i^ or acre- for first-cuttinf; alfalfa harvested 
six stages of maturity and the subsequent re.-^ roTvths. Anes, lo-a, 1963, 1964 
First cuttin- date 
19a? 
îfey r>n 
June 
June 13 
June 20 
Juno 27 
July 4 
S-7 X 
cv 
First cuttin:; 
1.370 
1.9^ b 
2-l6a, 
/\^ ua 
9 .  T  
0-1 ?' 
1;,?. 
oecond cuttinr 
l.'Vl-a 
1.53% 
1.10b 
l.iob 
1.04b 
0.60c 
0.079 
n.6 
Third cuttin'x 
0.39a 
0.87% 
0.75a 
0.66 a 
0.64a 
0.30a 
o.o6< 
17.? 
Season totg.l 
3.70c 
4.30% 
4.3.0a,b 
4.06b 
3.C4b,c 
3.74a 
0.103 
15.4 
VO 
1964 
May 21 1.06^  
zn- 1.5'!-c 
June 4 1.46c 
June 12 1.62b,c 
June 19 l.?0a,b 
Juno 25 1.84a 
0.076 
CV 9.8 
-Means ivithin the sane colu m followed 
1.44a 
1.32b 
1.27b 
1.37a 
1.10c 
0.73d 
0.054 
9.0 
1.06a 
1.07a 
1.00a 
0.94a 
0.93a 
1.01a 
0.050 
00 
statistically'- at the .05 level. 
S^econd cuttings: July 24, 1963 and July l4, 1964. 
3:?hird cuttings: Septerber 5» 1963 and August 31, lS'o4. 
3.19a 
3.94a 
3.72a 
3.94a 
3.S9a 
3.55a 
0.068 
10.3 
Table 12. Analysis of variance for dry matter yields of first-cutting alfalfa and aftermaths. 
Ames, Iowa. I963, 196^  
Source of variation 
Replications 
Harvest date 
Error 
Total 
df 
3 
5 
15 
23 
First cutting 
MS F 
1963 
4498O4 
2617468 
303254 
1.48 ns 
8.63** 
Second cutting 
MS F 
1963 
115439 
1713787 
99542 
1.16 
Third cutting 
1© F 
1963 
37000 
1964 1964 1964 
Replications 3 160293 1.73 ns 33549 27449 
Harvest date 5 1289414 13.8I** 1070574 22.48** 38704 
Error 15 92723 47619 39789 
Total 23 
* Significant at the .05 level, 
** Significant at the .01 level. 
Table 13. Combined analysis of variance of seasonal dry matter yields. Ames, Iowa. 1963 
Source of variation 
Replications (R) 
Harvest date (A) 
Error a 
Subtotal 
Cuttings (B) 
BxA 
BxR 
Error b 
Total 
df MS F 
3 453539 2.66 ns 
5 540106 3.17* 
15 170610 
23 
2 43332496 12.4** 
10 1983974 
6 74377 
30 3484627 
71 
* Significant at the ,05 lovel, 
** Significant at the ,01 level. 
Table 14. Combined analysis of variance for seasonal dry matter yields. Ames, lo'vra. 1964 
Source of variation 
Replications (R) 
Harvest date (A) 
Error a 
Subtotal 
Cuttings (B) 
BxA 
BxR 
Error b 
Total 
df I-E F 
3 418712 2.29 
5 547962 3.03 ns 
15 I8O256 
23 
2 43868746 3.00** 
10 1979886 13.54** 
6 91790 
30 146270 
71 
* Significant at the .05 level. 
** Significant at thn ,01 IGVGI, 
Table 15. Average yield of dv^ r natter^  for first-cutting alfalfa and re^ rowths. 
Ames, Tozra. I963, 1964 
I'/eekly harvest^  First cutting Second cuttingv Third cutting^  Seasonal total 
1 1.22b 1.44a 0.93a 3.64c 
2 1.76a 1.43a 0.97a 4.16a 
3 1.81a 1.22b 0.87a 3.90b 
4 2.09a l,2Sa,b 0.80a 4.17a 
5 1.96a 1.03b 0.31a 3.S5b 
6 2.09a 0.67d 0.90a 3.66c 
3% 0.111 0.063 0.056 0.054 
M^eans within the same column followed by the same letter or letters do not differ 
statistically at the ..05 level. 
A^verage represent mean yields harvested; (l) M?.y 29, 1963; May 21, 196^  ^(2) Jvaie 5> 1963; 
May 28, 1964 (3) June 13, 1963; June 4, 196^ !- (4) June'20, 1963; June 12, 1964 (5) June 27, 1963; 
June 19, 1964 (6) July 4, I963; June 25, 1964. 
33econd cuttings; July 26, I963 and July 14, 1964. 
T^hird cuttings: September 5, 1963 and Aur:ust 31, 1964. 
Table l6. Analysis of variance for dry matter yields over two years of first-cutting alfalfa 
harvested at six stages of maturity and aftennaths. Ames, Iowa. 1963» 1964 
Source of variation df m 
Replication (R) 
Harvest date (A) 
Error a (RxA.) 
3 
5. 
15 
277209 
573226 
158800 
1.83 ns 
3.75* 
Years m thin 
harvest dates (B) 
BxA 
3xR 
Error b 
1 
5 
3 
15 
976802 
125531 
175799 
101476 
9.63** 
1.23 ns 
1.73 ns 
Cuttings within 
years (C) 2 43373^ 8 268.65** 
CxA 10 2263183 14.02** 
CxB 2 7762364 48.08** 
CxR 6 100262 ———— 
CxEbcA 10 270617 1.66 ns 
CxS&cR 6 85026 ——— 
Error c 60 l6l444 
Total 143 
* Significant at the ,05 level. 
** Significant at the ,01 levol. 
Table 17. Average percent crude protein for first-cutting alfalfa harvested at six stages 
of riatnrity and aftermaths.^  Aries, Iowa. I963, 1964 
First cutting; date First cutting; Second cuttinf;^  Third cuttin%3 
1963 
I-lay 29 25.57d 17.37c 27.09a 
June 5 20.69a 19.37h,c 2B.01a 
June 13 19.33a,b 20.55h 29.lRa 
June 20 21.36a 21.36b 30.53a 
June 27 18.lob 28.22a 30.29a 
July 4 17.70b 29.64a 26.78a 
Sic 0.263 0.760 0.977 
cv 5.01 6.70 6.30 
1964 
May 21 • 2<.00d 19.63a 21.93a 
May 28 22.36a 19.70a 22.33a 
June 4 21.59a 21.l4a 22,49a 
June 12 19.02b,c 21.38a 22.84a 
June 19 19.15b 23.15b 22.26a 
June 25 17.36c 28.65a 22.38a 
Sx 0.407 0.404 0.424 
CV 3.93 3.63 3.32 
1]. lean s in. thin the sane oo1u-bi followed l?/- similar letter or letters do not differ 
statistically at the .01 level. 
S^econd cuttings: Julj'- 24, 1963 and July l4, 196i-!-. 
T^laird cuttings: Oepte-ber 5» 1963 and August 31, 196'+. 
Table 18. Analysis of variance for percent crude protein of first-cutting alfalfa 
harvested at six stages of maturity. Ames, Iowa. 1963» 196^  
Total 23 
1963 1964 
Source of variation 
Replications 
Harvest date 
Linear 
Error 
df 
3 
5 
1 
15 
MS 
0.660 
32.927 
115.250 
1.052 
31.30** 
109.54** 
MS 
1.329 
30.716 
145.123 
0.664 
F 
2.00 ns 
46.24** 
218.53** 
b = -1.28 Decrease in 
percent crude protein vjith 
each weekly advance in 
maturity. 
b = -1.44 Decrease in 
percent protein with each 
weekly advance in 
maturity. 
* Significant at the .05 level. 
** Significant at the .01 level. 
Table 19. Analysis of variance for percent crude protein of regrot-rths of alfalfa following 
the first-cutting harvest sequence. Ames, Iowa. 1963» 1964 
1963 1964-
Source of variation 
Second cutting 
Replications 
Harvest date 
linear 
Error 
Total 
df 
3 
5 
1 
15 
23 
m 
3.1000 
105.6000 
480.7700 
2.3100 
1.34 ns 
45.70** 
208.13** 
m 
2.0892 
45.5204 
175.7765 
0.6539 
F 
3.19 ns 
69.61** 
268.81** 
Third cutting 
Replications 
Harvest date 
Error 
Total 
3 
5 
15 
23 
0,4333 
10.1200 
3.8200 
2.65 ns 
0.0670 
O.3I87 
* Significant at the ,05 level. 
** Significant at the .01 level. 
Table 20. Average percent crude fiber- for first-cuttin?; alfalfa harvested at six stages of 
maturity and afterj-aths. Allies, Iowa. 1963» 19^ 4 
First cutting date First cutting Second cutting^  Third cutting? 
1963 
May 29 27.65c 30.49a 26.95a 
June 5 30.95b,c 24.70b,c 28.23a 
June 13 32.12b 25.l4b,c 28.40a 
June 20 35.71a 26.82a,b 26.83a 
June 27 37.42a 27.84a,b 24.56a 
July 4 37.18a 21.770 26.94a 
Sx 0.811 1.027 1.170 
CV 4.34 7.36 8.67 
1964 
May 21 23,61c 32.07a 27.35a 
I'lay 28 26.34a,b 31.70a 26.35a 
June 4 25.6Sb,c 31.S5a 26.50a 
June 12 28.13a,b 31.45a 25.12a 
June 19 29.04a 30.02a 24.95a 
June 25 32.03 26.03 25.01 
Sx 0.590 0.453 0.603 
CV 4.29 2.97 4.65 
l-Means within the sa^ ne coluin followed bn/ the sanie letter or letters do not differ 
statistically at the .01 level. 
S^econd cuttings: July ?A, 1963 and July l4, 1964. 
vThird cuttings: Septenber 5» 19^ 3 and August 31, 1964. 
Table 21. Analysis of variance for percent crude fiber of first-cutting alfalfa 
harvested at six stages of maturity. Ames, Iowa. 1963, 1964-
Source of variation 
Replications 
Harvest date 
Linear 
Error 
df 
3 
5 
1 
15 
MS 
1.8950 
61.0997 
285.0021 
2.6324 
1963 
23.19** 
108.19** 
I'© 
1.6055 
34.0740 
150.9544 
1.3949 
1964 
24.43** 
108.22** 
Total 23 
b = +2.02 Increase in 
percent crude fiber x-rith 
each advance in maturity. 
b = +1.46 Increase in 
percent crude fiber xvith 
each advance in maturity. 
* Significant at the .05 level, 
** Significant at the ,01 level. 
Table 22. Analysis of variance for percent cnide fiber of regrowth follox-dng the 
first-cutting harvest sequence. Ames, Iowa. 19^ 3 
Source of variation 
Second cutting 
df MS 
Replications 
Harvest date 
Linear 
Error 
Total 
3 
5 
1 
15 
23 
0.3713 
35.5628 
60.3200 
4.2201 
8.44** 
14.29** 
b = +0.92 Increase in 
percent crude fiber T-jith 
each vreek advance in 
maturity. 
Third cutting 
Replications 3 3«6095 
Harvest date 5 7«5943 I.386 ns 
Error 15 5.4797 
Total 23 
* Significant at the ,05 level.. 
** Significant at the ,01 level. 
Table 23. Analysis of variance for percent crude fiber of regrot-rbhs following the 
first-cutting harvest sequence. Ames, Iowa. 1964 
Source of variation 
Second cutting 
Replications 
Harvest date 
Linear 
Error 
Total 
df 
3 
5 
1 
15 
23 
m 
1.9790 
21.1165 
71.5990 
0.8201 
2.4l ns 
25.75** 
87.30** 
b = +1.00 Increase in 
percent crude fiber T-ri.th 
each vreek advance in 
maturity". 
Third cutting 
Replications 
Harvest date 
Error 
Total 
3 
5 
15 
23 
2.5073 
3.6578 
1.4526 
1.73 ns 
2.52 ns 
* Significant at the .05 level. 
** Significant at the ,01 level. 
Table 24, Average percent cellulose^  of ration samples of first-cutting alfalfa harvested 
at six stages of maturity. Ames, Iowa. 19^ 3» 1964 
Harvest date Average percent cellulose 
1963 
May 29 38.69d 
June 5 41.05c,d 
June 13 43.08b,c 
June 19 43.71a,b 
June 25 44.45a 
July 4 46.05a 
Sx 0.564 
CV 2.28 
1964 
my 21 35.00a 
May 28 34.11a 
June 4 38.74b 
June 12 38.59b 
June 19 44.75c 
June 25 4l.42d 
Sx 0.356 
cv 1.59 
M^eans within the same column followed by the same letter or letters do not differ 
statistically at .01 level. 
Table 25. Average percent cellulose^  for first-cuttinr alfalfa and after:-at!i5. 
1963,^ 1964 
Anes, loi'-a. 
First cutting date First cutting Second cutting?- T'hird c\ittin;-r3 
1963 
Hay 29 2-.30d 31.56a 31.72a 
June 5 31.06c 28.73a 32.06a 
June 13 31.79c 26.13a 30.34a 
June 20 34.75b 29.15a 31.04a 
June 27 36.^ 2a 30.26a 31.52a 
July 4 35.08a,b 30.56a 29.59a 
Sf 0.619 1.122 1.133 
cv 3.76 7.64 7.32 
1964 
î'îay 21 30.19c 34.60a 30.72a 
May 23 32.70b,c 35.28a 30.96a 
June 4 30.41c 34.66a 29.99a 
June 12 32.12b,c 34.65a 28.93a 
June 19 33.53a,b 34.18a 29.40a 
June 25 35.59a 31.48b 29.37a 
0.567 0.397 0.643 
CV 3.49 2.33 4.30 
^Means within the same colurn folloired by the sa^ne lettor or letters do not differ 
statistically at the .01 level. ' 
H^arvested July 24, I963 and July 14, 1964. 
3Harvested Septer.ber 5, 1963 and August 31, 1964. 
Table 26. Analysis of variance for percent cellulose of ration samples of first-cutting 
alfalfa harvested at six stages of maturity. Ames, Iowa. I963, 196^  
Source of variation df 
Replications 3 
Harvest date 5 
Linear 1 
Error 15 
Total 23 
* Significant at the ,05 level. 
** Significant at the ,01 level. 
1963 
MS 
1.2635 
20.4764 
97.1584 
0.9532 
F 
1.32 ns 
21.48** 
101.93** 
1964 
I4S 
0.7512 
47.2664 
174.2664 
0.3793 
F 
1.98 ns 
124.61** 
461.17** 
b = 1.36 Increase in 
percent cellulose with 
each weekly advance in 
maturity. 
b = 1.82 Increase in 
percent cellulose with 
each weekly advance in 
maturity. 
Table 2?. Analysis of variance for percent cellulose for small-plot samples of first-cutting 
alfalfa harvested at six stages of maturity. Ames, Iowa. 1963» 1964 
Total 23 
1963 1964 
Source of variation 
Replications 
Harvest date 
Linear 
Error 
df 
3 
5 
1 
m 
1.8558 
38.1460 
168.8888 
1.5324 
F 
1.21 
24.89** 
110.21** 
4.4747 
13.9065 
52.7570 
1.2864 
F 
3.48 ns 
10.86** 
41.01** 
* Significant at tlie . 05 level, 
** Significant at the .01 level. 
b = +1.56 Increase in 
percent cellulose for 
each weekly advance in 
maturity. 
b = +0.90 Increase in 
percent cellulose for 
each |jeekly advance in 
maturity. 
Table 28. Analysis of variance for percent cellulose of regroi-rths from first-cutting alfalfa 
harvested at six stages of maturity. Ames, Iowa. 19^3» 1964 
1963 1964 
Source of variation df m F MS F 
Second cutting 
Replications 3 1.31^ 6 —— 0.2339 — 
Harvest date 5 14.3546 2.85 ns 7.4753 11.82** 
Error 15 5.0411 0.6323 
Total 23 
Third cutting 
Replications 3 2.7299 1.0106 ——— 
Harvest date 5 3.5627 2.3753 1.44 ns 
Error 15 5.1830 1.6530 
Total 23 
* Significant at the ,05 level. 
** Significant at the ,01 level. 
Table 29. Average DDM, daily intake and calculated WVI of first-cutting alfalfa harvested at 
six stages of maturity. Ames, Iowa. 1963, 1964 
First cutting date #DDM Daily intake^ NVI 
May 29 
June 5 
June 13 
June 20 
June 27 
July 4 
CV 
57.59a 
57.44a 
56.67a 
55.83a 
55.86a 
53.41a 
1.368 
4.88 
1963 
3.20a 
3.81a 
3.34a 
3.63a 
3.66a 
3.24a 
0.184 
10.50 
53.1a 
61. Oa 
54.4a 
59.2a 
55.4a 
53.8a 
3.800 
13.45 
\o 
1964 
May 
May 
June 
21 
28 
4 
June 12 
June 19 
June 25 
Sic 
CV 
65.66c 
59.50a 
58.79a 
57.10a,b 
53.26b 
54.04b 
1.370 
4.88 
3.27a 
3.12a 
3.39a 
2.a4a 
2.39a 
2.89a 
0.290 
2.98 
64.3a 
53.3a 
59.5a 
47.4a 
38.9b 
45.7a 
4.680 
22.06 
iMeans within the same column having the same letter or letters do not differ statistically 
at the .05 level. 
2lntake corrected to 100 lbs. body weight. 
Table 30. Analysis of variance for DDM of first-cutting alfalfa harvested at 
six stages of maturity. Ames, Iowa. 1963» 196^ 
1963 1964 
Source of variation df MS F MS F 
Replications 3 3.32 — — — 23.81 2.86 ns 
Harvest date 5 9.33 1.25 ns 80.35 9.66** 
Error 15 7.49 8.32 
Total 23 
* Significant at the .05 level, 
** Significant at tlie .01 level. 
i' 
Table Avoranie percent In vitro (?/!•- ana 48—hotir fermentation) of alfalfa harvested 
at si:: starves of maturity. Ares, Iov:a. 19^ 3 
Harvest date First rim Second run Average 
"^24 -48 ^24 -48 ^24 '^48 
Maj- 29 57.19a 58.17a,b 49.39a 61.10a 53.29% 59.63a,b 
June 5 55.94a 5G.94a 50.90a 61.59a 53.42a 60.26a 
June 12 52.13b,o 55.46b 43.64a 59.54a 50.4lb 57.50b,c 
June 19 50.94c 55.17b 49.71a 60.97% 50.33b 53.07b,0 
June 25 54.53a,b 56.37a ,b 46.23a 57.83a 50.43b 57.35b,c 
Juljr 4 52.56b,c 54.72b 45.47a 58.49a 49.02b 56.60c 
Sx 0.69 0.69 0.36 0.36 0.47 0.47 
cv 2.16 2,16 2.74 2.74 3.00 3.00 
M^eans iritbdn the sane colu-^ n folloirod by the sa?^ e letter or letters do not differ 
statisticallj- at the .01 level. 
^'TpLj. are averages of throe replications fernonted for ?J'- hours. 
are averages of throe replications feriiented as outlined by Tilley aiid Terry (1963). 
Table 32. Average percent jjl vitro (24- and 4B-'nour fermentation) of slfalfa harvested 
at si% stages of maturity. Ai"es, loxca. 1964 
Harvest date First run Second run Avera." 
^24 ^4v3 '^24 T4? 
May 21 53.63a 59.59a 51.35a 64.19a 52.49a 61.73a 
Majr 29 51.52a 57.37a,b 49.70a,b 63.18a, 50.6la 60.28a 
June 4 50.93a,b 55.43b,c 48.24b 59.00b 49.58b 57.22b 
June 12 51.33a 55.74b,c 49.77b 59.99b 50.05a,b 57.37b 
June 19 47.49b,c 50.57d 43.83 54.77c 45.71c 52.67c 
June 25 45.17c 52.27c,d 47.09b 56.27b,c 46.13c 54.27c 
3% 0.90 0.80 0.63 0.63 0.52 0.52 
CV 3.37 3.37 2.86 2.86 3.3s 3.33 
iMeans t-Jithin the saine coliiTin followed by the sa.Tie letter or letters do not differ 
statistically'- at the .01 level. 
are averages of three replications fermented for 24 h.ovsrs. 
are averages of three replications fermented as outlined by Tilley and Terry (1963)• 
Table 33» Analysis of variance for percent vitro DDM (24- and 48-hour fermentations) of first-
cutting alfalfa harvested at six stages of maturity. Ames, Iowa. 1963 
First run 
Source of variation df MS F 
Replications 2 0.887 mm mm mm mm 
Harvest date (A) 5 24.427 17.07 
Linear 1 58.330 40.76 
Error a 10 • 1.431 
Subtotal 17 
Fermentation time (B) 1 63.570 92.80 
AxB 5 1.855 2.71 
Error b 12 0.685 
Total 35 
T2Z), (linear) + Ti q^ (linear) 
- Total (linear) 1 0.370 
b(T2ii,) = -0.81^  Decrease in DDM 
%<rith each weekly advance in maturity. 
b(Tjij,8) = -0.68^  Decrease in DDM 
•with each weekly advance in maturity. 
Table 3^. Analysis of variance for percent in vitro DDM (24- and 48-hour fermentation) of first-
cutting alfalfa harvested at six stages of maturity. Ames, Iowa. 19^3 
Second run 
Source of variation df MS 
Replications 
Harvest date (A) 
Linear 
Error a 
Subtotal 
2 
5 
1 
10 
17 
0.038 
19.366 
65.696 
2.212 
1.431 
8.75 
29.70 
Fermentation time 
Ax3 
Error b 
Total 
(3) 1 
5 
12 
35 
1194.048 
1.013 
4.924 
242.5 
T2i(, (linear) + T^ (linear) 
- Total (linear) 1 1.843 -—-
b(T24) = -0.92^ Decrease in DDM 
t-rith each weekly advance in maturity. 
b(Ti)^) = -0.65^ Decrease in DDM 
TTith each weekly advance in maturity. 
Table 35» Analysis of variance for the effect of fermentation time on percent vitro DDM 
(24- and 48-hour fermentation) first-cutting alfalfa harvested at six stages of 
maturity. Ames, Iowa, 1963 
Source of variation df 
(A) 
Replications 
Harvest date 
Linear 
Quadratic 
Cubic 
Quartic 
Quintic 
Error a 
Subtotal I 
Fermentation time 
AxB 
Error b 
Subtotal II 
Runs (C) 
CxA 
CxB 
Error c 
Total 
(B) 
T24 (linear) + Ti|g (linear) 
- Total (linear) 
2 
5 
1 
1 
1 
1 
1 
10 
17 
1 
5 
12 
35 
1 
5 
1 
33 
71 
* Significant at the ,05 level. 
Significant at the ,01 level. 
MS 
0.435 
•30.558 
123.8553 
1.2836 
0.1346 
18.7676 
8.7543 
2.6873 
11.37** 
46.04** 
6.97** 
3.26 ns 
904.3300 
0.793 
2.216 
408.09** 
20.5126 
13.2354 
353.2884 
1.8676 
10.9s** 
7.09 ns 
189.16** 
2.1500 
b(T24) = -0.87^ Decrease in DDM 
mth each weekly advance in maturity. 
b(T^g) = -0.67^ Decrease in DDM 
with each weekly advance in maturity. 
Table 36. Analysis of variance for percent jll vitro DDM (24- and 48-hour fermentation) of first-
cutting alfalfa harvested at six stages of maturity with two fermentation periods. 
Ames, Iowa. 1964 
First run 
Source of variation df MS 
Replications 
Harvest date (A) 
Linear 
Error a 
Subtotal 
2 
5 
1 
10 
17 
1.5190 
58.2484 
262.8180 
3.8835 
15.00 
67.67 
Fermentation time 
AxB 
Error b 
Total 
(B) 1 
5 
12 
35 
238.8055 
3.0500 
13.4503 
17.75 
T2ij, (linear) + Ti)^ (linear) 
- Total (linear) 1 0.1510 
b(T24) = -1.19^ Decrease in DDM 
T'Jith each i-reek advance in maturity. 
b(T48) ~ "1*31^ Decrease in DDM 
with each x-reek advance in maturity. 
Table 37* Analysis of variance for percent jjQ. vitro DDM (24- and 48-hour fermentation) of first-
cutting alfalfa harvested at six stages of maturity. Ames, Iowa. 1964 
Second run 
Source of variation df MS F 
Replications 
Harvest date (A) 
Linear 
Error a 
Subtotal 
2 
5 
1 
10 
17 
0.7184 
56.5325 
227.1885 
2.3617 
23.94** 
96.19** 
Fermentation time 
AxB 
Error b 
Total 
(B) 1 
5 
12 
35 
T24 (linear) + Ti^  (linear) 
- Total (linear) 
* Significant at the .05 level, 
** Significant at the .01 level. 
1132.7746 
3.9930 
3.2784 
345.53** 
1.22 ns 
14.3190 
b(T24) = -0.61^  Decrease in DDM 
with each ifeek advance in maturity. 
b(T4Q) = -0.96^  Dec3?ease in DDM 
viith each week advance in maturity. 
Table 38. Analysis of variance for percent ixi vitro DDM (,?M— and 48-hour fermentation) of first-
cutting alfalfa harvested at six stages of maturity. Ames, Iowa. 1964 
Source of variation df 
(A) 
Replications 
Harvest date 
Linear 
Quadratic 
Cubic 
Quartic 
Quintic 
Error a 
Subtotal I 
Fermentation time 
AxB 
Error b 
Subtotal II 
(B) 
(C) Runs 
CxA 
CxB 
CxBxA 
Error c 
Total 
T2I4. (linear) + Ti^ (linear) 
- Total (linear) 
2 
5 
1 
1 
1 
1 
1 
10 
17 
1 
5 
12 
35 
1 
5 
1 
5 
24 
71 
* Significant at the ,05 level. 
** Significant at the .01 level. 
i-%) 
3.3811 
111.2825 
489.3580 
2.1560 
2.8220 
25.4870 
35.5900 
3.2320 
1.05 ns 
34.43** 
15.14** 
7.88 ns 
11.01** 
1205.8962 
3.3952 
2.3766 
507.40** 
1.43 ns 
26.1365 
3.4892 
163.9514 
3.6476 
2.3559 
11.09** 
1.48 ns 
69.50** 
1.55 ns 
9.3420 
^(-24^ = -1.32;^ Decrease in DDIi 
with each week advance in maturity. 
b(Tij^) = -1.74yj Decrease in DDK 
with each week advance in maturity. 
Table 39» Average percent jji vitro DDM^ for small-plot samples taken of first-cutting 
alfalfa harvested at six stages of maturity. Ames, Iowa. 1963» 1964 
Harvest date Average percent digestible 
dry matter jja. vitro 
1963 
May 29 64.01a 
June 5 '' 6l.73a-»b 
June 12 60.38b 
June 19 58.64b,c 
June 26 55•76c 
July 4 56.14c 
0.78 
cv 2.62 
1964 
May 21 65.02a 
May 28 6l,59a»b 
June 4 64.76a 
June 12 59.47b 
June 19 61.54a,b 
June 25 58.34b 
Sx 1.01 
CV 3.25 
^Means within the same column followed by the same letter or letters do not differ 
statistically at .01 level. 
Table 40. Average percent in vitro DDI-f- of small-plot sarples of re^i'otrth following the 
six harvest dates of first-cuttinn alfalfa. Aries, Iowa 
First cutting date Second outtin;-^  Third ,cuttin%3 
1963 
May 29 55.32b 53.34a 
June 5 66.36c 53.36a 
June 13 63.66b 59.40a 
June 20 63.66b 60.33a 
June 27 66.54c 53.2na 
July b. 66.36 57.33a 
3% 0.830 1.056 
CV 2.73 3.63 
1964 
May 21 58.70a 63.22a 
May, 20 .%\82a 63.42a 
June 4 60.63a 63.02a 
June 12 60.50a 63.22a 
June 19 63.66 64.34a 
June 25 66.54 64.06a 
0.5307 0.304 
CV 1.73 0.96 
^Means mthin the sar.e coltum follomn^ the saziie letter or letters do not differ 
statisticaHj"- at the .01 level. 
^All plots harvested July 2k-, I963 and Jul;'/ l4, 1964. 
3a11 plots harvested Septenhar 5> 1963 and August 31» 1964. 
Table 4l. Analysis of variance for percent in vitro DDM from small-plot samples taken of 
first-cutting alfalfa harvested at six stages of maturity. Ames, Iowa. 1963» 196^ 
1 1963 1964 
Source of variation df 1 F I4S F 
Replication 3 43.3407 17.78** 9.4570 2.34 ns 
Harvest date 5 44.9969 18.46** 29.0560 7.18** 
Linear 1 198.8630 83.25** 17.2604 4.26 ns 
Error 15 2.4369 4.0480 
Total 23 
* Significant at the ,05 level, 
** Significant at tho ,01 level. 
Table 4-2. Analysis of variance for percent jji vitro DDM of small-plot samples of regro^rth 
foUomng the six harvest dates of first-cutting alfalfa. Ames, Iowa. 1963» 1964 
1963 1964 
Source of variation 
Second cuttinp; 
df MS 
Replications 
Harvest date 
Linear 
Error 
Total 
3 
5 
1 
15 
23 
4.7200 
48.9545 
181.9943 
2.5428 
1.86 ns 
19.25** 
75.50** 
0.4628 
33.8640 
145.9884 
1,1306 
30.00** 
129.12** 
b = -1.61 Decrease in 
percent digestible dry 
matter VTith each weekly 
advance in maturity. 
b = -1.44 Decrease in 
digestible diy matter 
per week advance in 
maturity. 
Third cutting 
Replications 
Harvest date 
Error 
Total 
3 
5 
15 
23 
4.5952 
19.9523 
68.5197 
93.0672 
1.5317 
3.9904 
4.5680 
16.3473 
1.1142 
0.3698 
44.20** 
3.01 ns 
* Significant at the .05 level, 
** Significant at the .01 level. 
Table 4^. Average percent in. vitro digestible cellulose (2^4— and '-l-8-hovir fermentation) of 
alfalfa harvested at six stages of maturity.A:^ es, Iowa. 19^ 3 
First cutting date First run Second run Average 
^24 %S ^24 43 ^24 T48 
May 29 50.45a 57.9Ga 39.97a 49.96a 45.20a 54.00a 
Ji-Uie 5 53.75a 62.38a 40.97a 50.44a 47.36a 56.41a 
June 13 50.09a 54.33a 42.57a 52.26a 46.33a 53.32a 
June 20 44.71a 57.13a 43.47a 50.4la 44.09a 53.90a 
June 27 51.43a 54.59A 39.24a 47.53a 45.34a 51.04a 
July 4 52.93a 58.9Ga 44.53a 56.53a 48.75a 57.56a 
Sx 1.72 1.72 1.54 1.54 1.16 1.16 
CV 7.77 7.77 8.06 8.06 8.00 8.00 
^Means mthin the same colwm followed by the sane letter or letters do not differ 
statistically at the .05 level. 
are averages of three replications fermented for 2A hours. 
Tj1|Q are averages of three replications feriiented as outlined by Tilley and Carry (I9c3). 
Table 44. Average percent ^  vitro digestible cellulose (24- and 48-hour fermentation) of 
alfalfa harvested at six stages of maturity. ^ Ames, Iowa. 1964 
First cutting date First run Second run Average 
"24 
V 
4^3 2^4 
T 
2^4 % 
May 21 31.81 a 41.00a 50.00a 60.46a 40.90b 50.73a 
May 28 23.97a,b 33. 65a,b 45.86a,b 5s. 65a,b 34.08a 48.65a 
June 4 27.76a,b 35.31b 44.05a,b 52.47b,c 35.91a '-i4.14b 
June 12 28.57a,b 35.02b,c 39.12b 48.65c 33.35a 41.34a 
June 19 26.24b 31.07c 41.82b 49.10c 34.03a 40.58b 
June 25 26.16b 32.74d 41.90b 47.77c 33.04a 40.26b 
% 0.99 0.99 1.48 1.48 0.36 0.36 
CV 7.61 7.61 7.48 7.4s 7.45 7.45 
^ Means within the same column followed l%r the same letter or letters do not differ statisti­
cally at the .01 level. 
2 
are averages of three replications fermented for 24 hours. 
are averages of three replications fermented as outlined by Tillqy and Terry (I963). 
Table ^5» Analysis of variance for percent in vitro digestible cellulose 24- and 48-hour 
fermentation of first-cutting alfalfa harvested at six stage of maturity. Ames, 
Iowa. 1963 
First run Second run 
Source of variation df 143 
Replications 
Harvest date (A) 
Error a 
Subtotal 
2 
5 
10 
17 
5.9823 
40.8174 
17.6816 
2.31 ns 
33.5017 
39.1722 
14.2684 
2.35 ns 
2.74 ns 
Fermentation time (B) 1 
Ax3 5 
Error b 12 
Total 35 
440.5101 
17.0440 
11.6868 
37.69** 
1.46 ns 
719.5806 
10.3476 
61.87** 
* Significant at the ,05 level, 
** Significant at the ,01 level. 
Table 46. Analysis of variance for percent in vitro digestible cellulose (24- and 48-hour 
fermentation) of first-cutting alfalfa harvested at six stages of maturity. 
Ames, lo^/a. 19^3 
Source of variation df 
Replications 
Harvest dates (A) 
Error a 
Subtotal I 
2 
5 
10 
17 
18.9960 
40.3950 
16.2292 
1.17 ns 
2,49 ns 
Fermentation 
AxB 
Error b 
Subtotal II 
time (B) 1 
5 
12 
35 
1143.0575 
5.4581 
12.2585 
93.24** 
Runs (C) 1 969.6140 63.81** 
CxA 5 39.5950 2.61 ns 
CxB 1 17.0332 1.12 ns 
Error c 29 15.1944 
Total 71 
* Significant at the ,05 level, 
** Significant at the ,01 level. 
Table 4?. Analysis of variance for percent iH vitro digestible cellulose (24- and 48-hour 
fermentation) of first-cutting alfalfa harvested at six stages of maturity. 
Ames, Iowa. 1964 
Second run 
Source of variation 
Replications 
Harvest date (A) 
Linear 
Error a 
Subtotal 
df 
2 
5 
1 
10 
17 
MS 
1.7478 
123.6766 
247.4950 
13.0659 
9.46** 
41.93** 
Fermentation time 
AxB 
Error b 
Total 
(B) 1 
5 
12 
35 
738.6618 
8.9830 
9.5796 
77.12** 
T24 (linear) + (linear) 
- Total (linear) 31.5590 3.29 ns 
* Significant at ths ,05 level, 
** Significant at the ,01 level. 
^'(Tgij,) = -1.65^ Decrease in digestible 
cellulose i-jith each week advance in 
maturity. 
b(T;^g) = -2.74^ Decrease in digestible 
cellulose vrith each week advance in 
maturity. 
Table 48. Analysis of variance for percent in vitro digestible cellulose (24- and 48-hour 
fermentation) of first-cutting alfalfa harvested at six stages of maturity. 
Ames, Iowa. 1964 
1 
First run 
Source of variation df m 
Replications 
Harvest date (A) 
Linear 
Error a 
Subtotal 
2 
5 
1 
10 
15 
1.6183 
52.0988 
247.4950 
5.9021 
8.83** 
41.93** 
Fermentation time 
AxB 
Error b 
Total 
(B) 1 
5 
12 
35 
570.3340 
3.5047 
2.1146 
269.71** 
1.66 ns 
Tgii. (linear) + T^^g (linear) 
- Total (linear) 5.6176 
* Significant at the .05 level, 
** Significant at the .01 level. 
^(^24) ~ -1.29^ Decrease in digestible 
cellulose mth each week advance in 
maturity. 
b(T2^g) = -1.85^ Decrease in digestible 
cellulose mth each week advance in 
maturity. 
Table 49. Analysis of variance for percent vitro digestible cellulose (24- and 48-hour 
fermentation) of first-cutting alfalfa harvested at six stages of maturity. 
Ames, Iowa, 1964 
Source of variation df MS F 
Replications 2 0.1417 
Harvest date (A) 5 158.6208 17.88** 
Linear 1 729.0470 82.17** 
Quadratic 1 60.0020 6,76 ns 
Cubic 1 0.5700 —  ^  — —  
Quartic 1 3.4180 — — — —  
Quintic 1 0.2530 —  —  —  —  
Error a 10 8.8728 
Subtotal I 17 
Fermentation time (3) 1 1303.5618 267.42** 
Ax3 5 8.7850 2.67 ns 
Error (3) 12 4.8745 
Subtotal II 35 
Runs (C) 1 4855.3943 677.76** 
CxA 5 17.1546 2.39 ns 
CxB 1 5.4340 —  *  — —  
Error (C) 29 7.1638 
Total 71 
* Significant at the ,05 level. 
** Significant at the .01 level. 
b(T24) = -1.20^ Digestible cellulose 
units decrease id-th each ireekly in­
crease in maturity. 
b(Ti^^) = -2.24^ Digestible cellulose 
units decrease -id-th each weekly in­
crease in maturity. 
Table 50* Average In vitro percent digestible cellulose^ for small-plot samples of first-cutting 
alfalfa harvested at six stages of maturity and aftermaths. Ames, Iowa. 1963, 1964 
First cutting date First cutting Second cutting Third cutting 
1963 
May 29 51.45a 38.59b 46.66a 
June 5 47.17a,b 47.44a 45.43a 
June 13 45.28b 40.78a,b 46.44a 
June 20 44.12b 42.75a,b 51.86a 
June 27 43.42b 46.60a 47.03a 
July 4 44.48b 57.87c 39.28a 
1.271 1.610 1.980 
CV 5.53 7.05 8.57 
196!+ 
May 21 67.09d 47.61b 49.48a 
May 28 58.51a,b 49.77b 52.49a 
June Ur 59.40a 50.43b 50.07a 
June 12 52.86c 48.82b 49.26a 
June 19 53.98b,c 53.92a,b 52.11a 
June 25 51.92b 57.87a 52.79a 
Sx 1.163 1.570 1.949 
CV 4.06 6.11 7.64 
iMeans within the same column followed by the same letter or letters do not differ 
statistically at the .01 level. 
Tabic 51 • Aialysis of vai'iance for percent ^ vitro difjeotible cellulose of snail-plot &a:",iples 
of alfalfa harvested at Gi>: otaros of maturity aiid afbcr'-iathn. Aies, Iowa. 19a?, 19^4'-
Replications 
Harvest date 
Linear 
Error 
Total 
df 
1 
15 
21 
I'Mrst cutting 
KS ? 
1963 
7.09OZ 
35.2924 
117.249; 
U.4600 
1.19 
5.4 
i c .  1 5 * *  
no 
Second cutting; 
KS F 
1963 
7.6902 
1:8.29u4 1G. 17*' 
10. 
Taira cuutin]' 
MS • F 
1965 
19.163 
6<.1396 
1^ .6793 
1.22 nc 
4.15 no 
1964 
Replie ati one 
Harvest date 
Linear 
Error 
1 
15 
IÛ.731C 
129.1012 
526.2995 
5.4104 
3.09 ns 
c o 
97.22* 
196/.!. 1964 
14.797-
50.114? 
1.50 n: 65.9190 
10.200: 
4. "/!- ns 
-575 15.19=5 
'•= Lii^ nificant at the . 05 level. 
** .jifjnificai'it at the .01 level. 
b = -2.74 Decrease in percent 
digestible cellulose irita each 
v;ee'.:ly aiivcaice in maturity of 
the first cutting 19'64. 
Table 5?, Average percent soluble cellulose^ of first-cutting; alfalfa harvested at six 
stages of maturity. Ames, Iowa. 1963» 196^ 
First cutting Average percent soluble cellulose 
1963 
May 29 65.03a,b 
June 5 66.78a 
June 13 60.43a,b 
June 20 67»08a 
June 27 56.35c 
July 4 58.30b 
1.53 
CV 3.77# 
1964 
!-iay 21 67.44a 
I;ay 29 63.19a,b 
June 4 61.33b 
June 12 50.07c 
June 19 61.16b 
June 25 54.090 
Sx 1.07 
CV 3.29# 
Orleans within the sane column followed by the same letter or letters do not differ 
statistically at .01 level. 
Table 53* Analysis of variance for percent soluble cellulose of first-cutting alfalfa 
harvested at six stages of maturity. Ames, Iowa. 1963i 1964 
Source of variation df 
Replications 2 
Harvest date 5 
Linear 1 
Error 10 
Total 17 
* Significant at the ,05 level, 
** Significant at the ,01 level. 
1963 
MS 
0.8535 
63.2454 
145.7167 
5.5252 
11.45** 
26.29** 
1964 
MS 
3.7418 
120.5221 
303.1684 
3.3834 
F 
1.11 ns 
35.62** 
89.60*1 
b = -1.66 Decrease in 
percent soluble cellulose 
vri-th each weekly advance 
in maturity. 
b = -2.40 Decrease in 
percent soluble cellulose 
vjith each -vieekly advance 
in maturity. 
Table 5^. Analj^sis of variance for calculated MVI of first-cutting alfalfa harvested at 
six stages of maturity. Ames, Iowa. 1963» 196^ 
1963 1964 
Source of variation df MS F MS F 
Replications 3 37«72 14.88 
Harvest date 5 64.27 1.11 ns 353*17 2.74 ns 
Error 15 57.85 128.88 
Total 23 
Table 55• Analysis of variance for daily consumption of forage fed during the animal feeding 
trials. Ames, Iowa. 1963, 196^ 
1963 1964 
Source of variation df !•© F î-B F 
Replications 3 0.0394 —— 0.3240 — 
Harvest date 5 0.2581 1.92 ns O.5139 I.57 ns 
Error 15 0.1343 O.3276 
Total 23 
Table 56. Correlation coefficients for various measured indices of forage quality and the DDM 
of first-cutting alfalfa harvested at six stages of maturity. Ames, Iowa. 1963» 1964 
Correlation coefficients 
1. DDM 24-hour 
2. DDM 48-hour 
3. DDM 48-hour 
4. DDM 24-hour 
5. DDM 48-hour 
6. DDM Percent 
7. DDM Percent 
8. DDM Percent 
9. DEM Percent 
10. DDM Percent 
in vitro DDM 
in vitro DDM 
In vitro DDM"*" 
in vitro dig. 
in vitr? dig. 
crude fiber 
cnide protein 
cellulose 
soluble cellulose 
TDN3 
cellulose2 
cellulose^ 
1963 1964 Combined 
.87* .93** .62* 
.82* .93** .80** 
.78 ns .72 ns .67* 
.67 ns .89* .10 ns 
.61 ns .93** .18 ns 
-.89* —.88* - .70** 
.68 ns .93** .75** 
-.88* -.84* - .82** 
.91* .94** .73** 
.80 ns .90* .78** 
* 
** 
Significant at the .05 level. 
Significant at the .01 level. 
^Small-plot samples. 
^July 4, 1963 harvest deleted (see page 99 for discussion). 
3tDN calculated from the formula presented by Axellson (1949). 
I 
Table 57• Calculated regression equations for various measured indices of forage quality 
and their standard errors for estimating in vivo results. Ames, Iowa. 1963, 1964 
1. 
2. 
2: 
5. 
6. 
7. 
8. 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
1^.52 + 0.85X 
l.OOX - 0.64 
12.89 + 0.73X 
72.99 
38.16 
86.09 
29.70 
26.83 
O.52X 
0.92X 
O.7IX 
O.45X 
0.48X 
Values of X 
24-hour' iji vitro DDM 
48-hour in, vitro DDM 
48-hour in. vitro DDM 
Percent crude fiber 
Percent crude protein 
Percent cellulose 
Percent soluble cellulose 
Percent TI>N^ 
y.x 
2.75 
2.14 
2.74 
2.60 
2.36 
2.13 
2.49 
2.24 
Y = Percent in, vivo DDM 
^Small-plot samples. 
^TDN calculated from the formula presented by Axellson (1949)• 
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